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The  publications  of  the  United  States  Geological  Survey  are  issued  in  accordance  with  the  statute 
approved  March  3,  1879,  which  declares  that— 

' '  The  publications  of  the  Geological  Survey  shall  consist  of  the  annual  report  of  operations,  geological 
and  economic  maps  illustrating  the  resonrces  and  classification  of  the  lands,  and  reports  upon  general 
and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Survey 
shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other- 
wise in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  scientific  exchanges 
and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  received  in  exchange 
shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  oi-gauization :  And  the 
money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
States." 

On  July  7,  1882,  the  fdllowing  joint  resolution,  referring  to  all  Government  publications,  was  passed 
by  Congress : 

*•  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  thereshall  be  printed, 
in  addition  to  the  number  in  each  case  stated,  the  '  usual  number'  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receive  them." 

Except  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  Office  has 
no  copies  for  gratuitous  distribution. 

a™ual  KEPORTS. 
Of  the  Annual  Reports  there  have  been  already  published : 

I.  First  Annual  Report  of  the  United  States  Geological  Survey  to  ihe  Hon.  Carl  -Sohnrz,  by  Clarence 
King.  1880.  8°.  .79  pp.   1  map.— A  preliminary  report  describing  plan  of  organizatio*  and  publica- 

*^lT  Second  Annual  Report  of  the  United  States  Geological  Survey,  1880-'81,  by  J.  W.  Powell.  1882. 
S°.   Iv,  5S8  pp.    61  pi.  Imap. 

III.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-'»2,  by  J .  W.  Powell.  1883. 
xviii,  564  pp.   67  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological.Survey,  1882-  83,  by  J .  W.  Powell.  1884. 
go.   xxxii,  473  pp.   85  pi.  and  maps. 

V.  Fifth  Annual  Report  of  the  United  States  Geological.Survey,  1883-'84,  by  J .  W.  PoweU.  1885. 
go.   xxxvi,  469.pp.   58  pi.  and  maps. 

VI.  Sixth  Annual  Report  of  the  United  States  Geological  Survey,  1884-'85,  by  J.  W.  Powell.  1886. 
80,   xxix,  570  pp.   65  pi.  and  maps. 

The  Seventh  and  Eighth  Annual  Reports  are  in  press. 

MONOGRAPHS. 

Of  the  Monographs,  Nos.  U,  m,  IV,  V,  VI,  VH,  VIII,  IX.  X,  XI,  and  XII  are  now^  published,  viz: 

II.  Tertiary  History  of  the  Grand  Canon  District,  with  atlas,  by  Clarence  E.  Button,  Capt.  U.  S.  A. 
1882.   40.   xiv,264pp.   42;pl.  and  atlas  of  24  sheets  folio.    Price  $10.12. 

III.  Geology  of  the  Gomstook  Lode  and  the  Washoe  District,  with  atlas,  by  George  F.  Becker.  1882. 
40.   XV,  432  pp.    7  pi.  and  atlas  of  21  sheets  folio.   Price  $11. 

IV.  Comstock  Mining  and  Miners,  by  Eliot  Lord.   1883.   4°.    xiv,  451  pp.   3  pi.   Price  $1.50. 

V.  Copper-bearing  Rocks  of  Lake  Superior,  by  Roland  D.  Irving.  1883.  4°.  xvi,  464  pp.  .15  I. 
29  pi.   Price  $1.85. 

VI.  Contributions  to  the  Knowledge  of  the  Older  Mesozoic  Flora  of  Virginia,  by  Wm.  M.  Fontaine. 
18&3.   40.   xi,  144  pp.    54 1.    54  pi.    Price  $1.05. 

VII.  Silver-Lead  Deposits  of  Eureka,  Nevada,  by  Joseph  S.  Curtis.  1881.  4^.  xiii,  200  pp.  16  pi. 
Price  $1.20. 

VIII.  Paleontology  of  the  Eureka  District,  by  Charles  D.  Walcott.  1884.  40.  xiii,  298  pp.  24  1. 
24  pi.   Price  $1.10. 


ADVERTISEMENT. 


IX.  Brachiopoda  and  Lamellibranchiata  of  the  Raritan  Clays  and  Greensand  Marls  of  New  Jersey, 
by  Robert  P.  Whitfield.    1885.    4°.    xx,  33iP  pp.    35  pi.    Price  $1.15. 

X.  Dinocerata.  A  Monograph  of  an  Extinct  Order  of  Gigantic  Mammals,  by  Othniel  Charles  Marsh. 
1885.   4°.    xviii,  243  pp.    561.    50  pi.    Price  $2.70. 

XI.  Geological  History  of  Lake  Lahoutan,  a  Quaternary  Lake  of  Xorthwesteni  Nevada,  by  Israel 
CookRnssell.    IBS.").   4°.   xiv,  288  pp.   46  pi.    Price  $1.75. 

XII.  Geology  and  Mining  Industry  of  Leadville,  with  atlas,  by  S.  F.  Emmons.  1886.  4°.  xxix, 
770  pp.    45  pi.  and  atlas  of  35  sheets  folio.    Price  $8  40. 

The  following  are  in  press: 

XIII.  Geology  of  the  Quicksilver  Deposits  of  the  Pacific  Slope,  with  atlas,  by  George  F.  Becker. 

XIV.  The  Fossil  Fishes  and  Fossil  Plants  of  the  Triassic  Rocks  of  New  Jersey  and  the  Connecticut 
Valley,  by  J.  S.  Newberry. 

The  following  are  in  preparation: 

I.  The  Precious  Metals,  by  Clarence  King. 

XV.  Paleozoic  Fishes  of  North  America,  by  J.  S.  Newberry. 

XVI.  Younger  Mesozoic  Flora  of  Virginia,  by  William  M.  Fontaine. 

XVII.  Description  of  New  Fossil  Plants  from  the  Dakota  Group,  by  Leo  Lesquereux. 
—Gasteropoda  of  the  New  Jersey  Cretaceous  and  Eocene  Marls,  by  R.  P.  Whitfield. 

—  Geology  of  the  Eureka  Mining  District,  Nevada,  with  atlas,  by  Arnold  Hague. 

—  Lake  Bonneville,  by  G.  K.  Gilbert. 
— fSauropoda,  by  Prof.  O.  C.  Marsh. 

—  Stegosauria,  by  Prof.  O.  C.  Marsh. 

—  Brontotlieridae,  by  Prof  0.  C.  Marsh. 

—  The  Penokee-Gogebic  Iron-Bearing  Series  of  North  Wisconsin  and  Michigan,  by  Roland  D.  Irving. 

—  Report  on  the  Denver  Coal  Bf  sm,  by  S.  F.  Eramous. 

—  Report  on  Silver  Cliff  and  Ten-Mile  Mining  District,  Colorado,  by  S.  F.  Emmons. 

—  Flora  of  the  Dakota  Group,  by  J.  S.  Newberry. 
— The  Glacial  Lake  Agassiz,  by  Warren  Upham. 

—  Geology  of  the  Potomac  Formation  in  Virginia,  by  W.  M.  Fontaine. 

BULLETINS. 

Each  of  the  Bulletins  contains  but  one  paper  and  is  complete  in  itself.  They  are,  however,  num- 
bered in  a  continuous  series,  and  may  be  bound  iu  volumes  of  convenient  size.  To  facilitate  this, 
each  Bulletin  has  two  paginations,  one  proper  to  itself  and  another  which  belongs  to  it  as  part  of  the 
volume. 

Of  this  series  of  Bulletins  Nos.  1  to  47  are  already  published,  viz  : 

1.  On  Hypersthene-Andesite  and  on  Triclinic  Pyroxene  in  Augitic  Rocks,  by  Whitman  Cross,  with  a 
Geological  Sketch  of  Buiialo  Peaks,  Colorado,  by  S.  F.  Emmons.   1883.  8°.  42  pp.  2  pi.    Price  10  cents. 

2.  Gold  and  Silver  Conversion  Tables,  giving  the  coining  values  of  troy  ounces  of  fine  metal,  etc.,  by 
Albert  Williams,  jr.    1883.    8°.    8  pp.    Price  5  cents. 

3.  On  the  Fossil  Faunas  of  the  Upper  Devonian,  along  the  meridian  of  76°  30',  from  Tompkins  County, 
New  York,  to  Bradford  County,  Pennsylvania,  by  Henry  S.  Williams.  1884.  8°.  36  pp.  Price  5  cents. 

4.  On  Mesozoic  Fossils,  by  Charles  A.  White.    1884.    S°.    36  pp.  9  pi.    Price  5  cent«. 

5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett.  1884.  8°.  325  pp. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.   1884.    8°.   43  pp.   Price  5  cents. 

7.  Mapoteca  Geologica  Americana.  A  Catalogue  of  Geological  Maps  of  America  (North  and  South), 
1752-1881,  by  Jules  Marcou  and  John  Belknap  Marcou,    1884.    8°.    184  pp.    Price  10  cents. 

8.  On  Secondary  Enlargements  of  Mineral  Fragments  in  Certain  Rocks,  by  R.  D.  Irving  and  C.  R. 
Van  Hise.   1884.    8°.    56  pp.    6  pi.    Price  10  cents. 

9.  Report  of  work  done  in  the  Washington  Laboratory  during  the  fiscal  year  1883-'84.  F.  W.  Clarke, 
chief  chemist;  T.  M.  Chatard,  assistant.    1884.   8°.   40  pp.    Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  studies,  by  Charles  D.  Walcott.  1884. 
8°.    74  pp.    10  pi.    Price  5  cents. 

11.  On  the  Quaternary  and  Recent  Mollusca  of  the  Great  Basin;  with  Descriptions  of  New  Forms,  by 
11.  Ellsworth  Call.  Introduced  by  a  sketch  of  the  Quaternary  Lakes  of  the  Great  Basin,  by  G.  K. 
Gilbert.   1884.    8°.    66  pp.    6  pi.    Price  5  cents. 

12.  A  Crystallographic  Study  of  the  Thinolite  of  Lake  Lahontan,  by  Edward  S.  Dana.  1884.  8''. 
34  pp.    3  pi.    Price  5  cents. 

1 3.  Boundaries  of  the  United  States  and  of  the  several  States  and  Territories,  by  Henry  Gannett. 
1885.    8°.    135  pp.    Price  10  cents. 

14.  The  Electrical- and  Magnetic  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent 
Strouhal.   1885.    8°.   238  pp.    Price  15  cents. 

15.  On  the  Mesozoic  and  Cenozoic  Paleontology  of  California,  by  Charles  A.  White.  1885.  8°. 
33  pp.   Price  5  cents. 


ADVERTISEMENT. 


16.  On  the  Higher  Devonian  Faunas  of  Ontario  County,  New  York,  by  John  M.  Clarke.  1885.  8"^. 
86  pp.    3  pi.    Price  5  cents. 

17.  On  the  Development  of  Crystallization  in  the  Igneous  Rocks  of  "Washoe,  Nevada,  by  Arnold 
Hague  a  id  Joseph  P.  Iddings.    1885.    8°.    44  pp.    Price  5  cents. 

18.  On  Marine  Eocene,  Fresh-water  Miocene,  and  other  Fossil  Mollusca  of  Western  North  America, 
by  Charlos  A.  White.    1885.    8^.    26  pp.    3  pi.    Price  5  cents. 

19.  Notes  on  the  Stratigraphy  of  California,  by  George  F.  Becker.    1885.    8°.    28  pp.    Price  5  cents. 

20.  Contributions  to  the  Mineralogy  of  the  Rocky  Mountains,  by  Whitman  Cross  and  W.  F.  Hille- 
brand.    1885.    8°.    114  pp.    1  pi.    Price  10  cents. 

21.  The  Lignites  of  the  Great  Sioux  Reservation,  by  Bailey  Willis.  1885.  8°.  16  pp.  5  pi.  Price 
5  cents. 

22.  On  New  Cretaceous  Fossils  from  California,  by  Charles  A.  White.  1885.  8°.  25  pp.  5  pi.  Price 
5  cents. 

23.  Observations  on  the  Junction  between  the  Eastern  Sandstone  and  the  Keweenaw  Series  on 
Keweenaw  Point,  Lake  Superior,  by  R.  D.  Irving  and  T.  C.  Chamberlin.  1885.  8°.  124  pp.  17  pi. 
Price  15  cents. 

24.  List  of  Marine  Mollusca,  comprising  the  Quaternary  fossils  and  recent  forms  fropi  American 
Localities  between  Cape  Hatteras  and  Cape  Roque,  including  the  Bermudas,  by  William  H.  Dall.  1885. 
8°.    336  pp.    Price  25  cents. 

25.  The  Present  Technical  Condition  of  the  Steel  Industry  of  the  United  States,  by  Phineas  Barnes. 

1885.  8°.  85  pp.  Price  10  cents. 

26.  Copper  Smelting,  by  Henry  M.  Howe.    1885.   8°.    107  pp.    Price  10  cents. 

27.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 

1884-  '85.    1886.   8°.    80  pp.   Price  10  cents. 

28.  The  Gabbros  and  Associated  Hornblende  Rocks  occurring  in  the  Neighborhood  of  Baltimore,  Md., 
by  George  H.  Williams.    1886.    8°.    78  pp.   4  pi.    Price  10  cents. 

29.  On  the  Fresh- water  Invertebrates  of  the  North  American  Jurassic,  by  Charles  A.  White.  1886. 
8^.   41  pp.    4  pi.    Price  5  cents. 

30.  Second  Contribution  to  the  Studies  on  the  Cambrian  Faunas  of  North  America,  by  Charles  D. 
Walcott.    1886.    8°.   369  pp.    33  pi.    Price  25  cents. 

31.  A  Systematic  Review  of  our  Present  Knowledge  of  Fossil  Insects,  including  Myriapods  and 
Arachnids,  by  Samuel  H.  Scudder.    1886.    8°.    128  pp.    Price  15  cents. 

32.  Lists  and  Analyses  of  the  Mineral  Springs  of  the  United  States ;  a  Preliminary  Study,  by  Albert 
C.  Peale.    1886.    8°.    235  pp.    Price  20  cents. 

33.  Notes  on  the  Geology  of  Northern  California,  by  Joseph  S.  Diller.  1886.  S°.  23  pp.  Price  5  cents. 

34.  On  the  relation  of  the  Laramie  Molluscan  Fauna  to  that  of  the  succeeding  Fresh-water  Eocene 
and  other  groups,  by  Charles  A.  White. .  1886,    8°.    54  pp.    5  pi.   Price  10  cents. 

35.  The  Physical  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent  Strouhal.  1886.  8°. 
2  pp.   Price  10  cents. 

36.  Subsidence  of  Fine  Solid  Particles  in  Liquids,  by  Carl  Barus.    1887.    8°.    58  pp.   Price  10  cents. 

37.  Types  of  the  Laramie  Flora,  by  Lester  F.  Ward.    1887.    8°.    354  pp.    57  pL    Price  25  cents. 

38.  Peridotite  of  Elliott  County,  Kentucky,  by  Joseph  S.  Diller.  1887.  8°.  31  pp.  1  pi.  Price  5 
cents. 

39.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake  Agassiz,  by  Warren  Upham.  1887.  8°.  84 
pp.   1  pi.    Price  10  cents. 

40.  Changes  in  River  Courses  in  Washington  Territory  due  to  Glaciation,  by  Bailey  Willis.  1886.  8^. 
10  pp.    4  pi.    Price  5  cents. 

41.  Fossil  Faunas  of  the  Upper  Devonian  —  the  Genesee  Section,  New  York,  by  Henry  S.  Williams. 

1886.  8°.    121  pp.    4  pi.    Price  15  cents. 

42.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 

1885-  86.    F.  W.  Clarke,  chief  chemist.    1887.    8°.    152  pp.    1  pi.    Price  15  cents. 

43.  On  the  Tertiary  and  Cretaceous  Strata  of  the  Tuscaloosa,  Tombigbee,  and  Alabama  Rivers,  by 
Eugene  A,  Smith  and  Lawrence  C.  Johnson.    1887.    8°.    189  pp.    21  pi.    Price  15  cents. 

44.  Bibliography  of  North  American  Geology  for  1886,  by  Nelson  H.  Darton.  1887.  8°.  35  pp. 
Price  5  cents. 

45.  Present  Condition  of  Knowledge  of  the  Geology  of  Texas,  by  Robert  T.  Hill.  1887.  8°.  94  pp. 
Price  10  cents. 

46.  The  Nature  and  Origin  of  Deposits  of  Phosphate  of  Lime,  by  R.  A.  F.  Penrose,  jr.  1888.  8°. 
143  pp.    Price  15  cents. 

47.  Analyses  of  Waters  of  Yellowstone  National  Park,  by  F.  A.  Gooch  and  J.  E.  Whitfield.  1888. 
8°.    84  pp.   Price  10  cents. 

Numbers  1  to  6  of  the  Bulletins  form  Volume  I ;  Numbers  7  to  14,  Volume  II ;  Numbers  15  to  23,  Vol- 
ume III;  Numbers  24  to  30,  Volume  IV;  Numbers  31  to  36,  Volume  V;  Numbers  37  to  41,  Volume  VI; 
Numbers  42  to  46,  Volume  VII. 


ADVERTISEMENT. 


The  following  are  in  press: 

48.  On  the  Form  and  Position  of  the  Sea  Level,  by  E.  S.  Woodward. 

49.  On  the  Latitude  and  Longitude  of  Points  in  Missouri,  Kansas,  and  New  Mexico,  by  R.  S.  ■Wood- 
ward. 

50.  Invertebrate  Fossils  from  California.,  Oregon,  "Washington  Territory,  and  Alaska,  by  C.  A. 
White. 

51.  On  the  Subaerial  Decay  of  Rocks  and  the  Origin  of  the  Red  Color  of  Certain  Formations,  by 
Israel  C.  Russell. 

52.  Geology  of  the  Island  of  Nantucket,  by  N.  S.  Shaler. 

In  preparation : 

—  Notes  on  the  Geology  of  Southwestern  Kansas,  by  Robert  Hay.  ' 

—  On  the  Glacial  Boundary,  by  G.  F.  Wripjht. 

—  The  Gabbros  and  Associated  Rocks  in  Delaware,  by  F.  D  Chester. 

—  Fossil  Woods  and  Lignites  of  the  Potomac  Formation,  by  F.  H.  Knowlton. 

—  Mineralogy  of  the  Pacific  Coast,  by  W.  H.  Melville  and  Waldemar  Lindgren. 

—  Report  of  Work  Done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 
1886-'87.  • 

—  A  Report  on  the  Thermo-Electrical  Measurement  and  High  Temperatures,  by  Carl  Barns. 

—  The  Greenstone  Schist  Areas  of  the  Menominee  and  Marquette  Regions  of  Michigan,  by  George 
H.  Williams;  with  an  Introduction  by  R.  D.  Irving. 

—  Bibliography  of  the  Paleozoic  Crustacea,  by  A.  W.  Vogdes. 

STATISTICAL  PAPERS. 

A  fourth  series  of  publications,  having  special  reference  to  the  mineral  resources  of  the  United 
States,  has  been  undertaken. 

Of  that  series  the  following  have  been  published : 

Mineral  Resources  of  the  United  States  [1882],  by  Albert  Williams,  jr.  1883.  S°.  xvii,  813  pp.  Price 
50  cents. 

Mineral  Resources  of  the  United  States,  1883  and  1884,  by  Albert  Williams,  jr.  1885.  8°.  xiv,  1016 
pp.   Price  60  cents. 

Mineral  Resources  of  the  United  States,  1885.  Division  of  Mining  Statistics  and  Technology.  1886. 
8°.   vii,  576  pp.    Price  40  cents. 

Mineral  Resources  of  the  United  States,  1886,  by  David  T.  Day.  1887.  8°.  viii,  813  pp.  Price  50 
cents. 

Mineral  ReBOurces  of  the  United  States,  1887,  by  David  T.  Day.    1888.  8°. 
In  preparation: 

Mineral  Resources  of  the  United  States,  1888,  by  David  .  T.  Day.    1889.  8°. 

The  money  received  from  the  sale  of  these  publications  is  deposited  in  the  Treasury,  and  the  Secre- 
tary of  that  Department  declines  to  receive  bank  checks,  drafts,  or  postage  stamps ;  all  remittances, 
therefore,  must  be  by  postal  note  or  money  order,  made  payable  to  the  Librarian  of  the  U.  S.  Geo- 
logical Survey,  or  in  currency,  for  the  exact  amount.  Correspondence  relating  to  the  publications  of 
the  Survey  should  be  addressed 

To  the  Director  of  the 

United  States  Geological  Survey, 

Washington,  D.  C. 

Washington,  D.  C,  November  1,  1888. 


de!partment  op  the  inteeiob 
BULLETIN 

OF  THE 

UNITED  STATES 

GEOLOGICAL  SURVEY 


No.  47 


WASHINGTON 
aOVEENMENT  PRINTING  OFFICE 
1888 


UNITED  STATES  GEOLOGICAL  SURVEY 

J.  W.  POWELL,  DIRECTOR 


ANALYSES  OF  WATERS 

OF  THE 

YELLOWSTONE  NATIONAL  PARK 


WITH  AS  ACCOim  OF  TBE  METHODS  OF  ANALYSIS  EMPLOYED 

BY 

FRAKK  AUSTIIS^  GOOOH 

AND 

JAMES  EDWARD  WHITFIELD 


WASHINGTON 

GOVERNMENT  PRINTING  OFFICE 

1888 


CONTENTS. 


Page. 

Letter  of  transmittal  »   7 

Introduction   9 

Operations  in  the  field   10 

Operations  in  the  laboratory   11 

Treatment  of  natural  waters   12 

Specific  gravity   12 

Hydrogen  sulphide  and  free  sulphur   13 

Sulphurous  acid   13 

Sulphuric  acid   13 

Nitric  and  nitrous  acids   14 

Carbonic  acid   15 

Arseuious  acid  and  boric  acid   17 

Chlorine  (with  bromine  and  iodine)   20 

Silica,  iron  and  aluminum,  calcium,  and  magnesium   21 

Sodium,  potassium,  and  lithium   22 

Ammonia  and  albuminoid  ammonia   25 

Treatment  of  concentrated  waters   25 

Strength  of  the  concentrated  waters   25 

Treatment  of  the  residue   26 

Fluorine   26 

Barium  and  strontium   26 

Phosphoric  acid   27 

Manganese   27 

Iron   28 

Titanic  acid   28 

Treatment  of  the  aqueous  solution   29 

Iodine  and  bromine   29 

Lithium   30 

Caesium,  rubidium,  and  thallium   31 

Arsenic,  antimony,  tin,  copper,  and  lead  =   31 

Boric  acid  „   33 

Statement  of  the  results  of  analysis  o«..-c   33 

Analyses  o   36 

Cleopatra  Spring  =,   36 

Orange  Spring  o   38 

Hot  River  ■.   39 

Gardiner  River   40 

Gardiner  River   41 

Water  supply  at  Mammoth  Hot  Springs   42 

Soda  Spring   43 

Fearless  Geyser   44 

Pearl  Geyser   46 

Constant  Geyser  :   48 

Coral  Spring   49 

(5)  5 


6 


CONTENTS. 


Analyses— Continued. 

Coral  Spring   50 

Echinus  Spring     51 

Schlammkessel   52 

Fountain  Geyser   53 

Great  Fountain  Geyser   54 

Hygeia  Spring   55 

Madison  Spring     56 

Firehole  Eiver   57 

Excelsior  Geyser   58 

Old  Faithful  Geyser   60 

Splendid  Geyser   62 

Splendid  Geyser   64 

Giantess  Geyser   6& 

Beehive  Geyser   66 

Grotto  Geyser   67 

Turban  and  Grand  Geysers   68 

Artemisia  Geyser   60 

Taurus  Geyser   70 

Asta  Spring-   71 

Bench  Spring   72 

Firehole  River   73^ 

Yellowstone  Lake   74 

Alum  Creek   75 

Chrome  Spring   76 

Mush  Pot  Spring   78 

Devil's  Ink  Pot   80 

Soda  Butte  Spring   81 

Summary  of  analyses   82 

Index   83 


ILLUSTRATIONS. 

Page; 

Fig.  1.  Apparatus  for  the  estimation  of  carbonic  acid  16 

2.  Apparatus  for  the  estimation  of  boric  acid   18 

(6) 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
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Washington,  D.  C,  April  26, 1887. 
Sir  :  I  have  the  honor  to  transmit  for  publication  as  a  bulletin  of 
the  Survey  a  paper  entitled  "Analyses  of  waters  of  the  Yellowstone 
National  Park,  with  an  account  of  the  methods  of  analysis  employed,'^ 
by  Frank  Austin  Gooch  and  James  Edward  Whitfield.  It  represents 
work  done  in  the  Chemical  Laboratory  of  the  Survey  and  it  is  an  ex- 
ceedingly valuable  contribution  to  science. 
Yery  respectfully, 

F.  W.  Clarke, 

Chief  Chemist 

Maj.  J.  W.  Powell, 

Director  U.  8.  Geological  Survey,  Washington,  B.  C. 
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ANALYSES  OF  WATERS  OF  THE  YELLOWSTONE 
NATIONAL  PAEK. 


By  F.  a.  Gooch  and  J.  E.  Whitfield. 


INTRODUCTION. 

The  series  of  waters — forty-three  in  all — of  which  it  is  the  purpose  of 
this  paper  to  give  some  account  comprises  typical  representatives  of 
the  geysers,  hot  springs,  mud  springs,  cold  springs,  and  surface  wa- 
ters found  within  the  limits  of  the  Yellowstone  Park.  It  embraces 
collections  made  during  the  field  seasons  from  1883  to  1886  under  the  • 
direction  of  Mr.  Arnold  Hague,  geologist  in  charge  of  the  Yellowstone 
Park  Division,  and  submitted  to  us  for  analysis.  In  our  account  we 
have  to  deal  simply  with  the  results  of  analysis  and  with  the  analyti. 
cal  processes  we  have  used — with  the  latter  on  the  ground  that  some 
knowledge  of  the  methods  employed  in  the  examination  and  of  the 
quantities  of  material  at  our  disposal  is  essential  to  a  correct  under- 
standing of  the  meaning  and  value  of  the  analyses  themselves.  Dis- 
cussions of  the  broader  chemical  aspects  of  the  problems  which  are  in- 
volved in  a  thorough  consideration  of  the  relations  of  these  waters,  of 
correlative  matters  of  geological  interest,  and  of  the  physical  phe- 
nomena belong  properly  to  others. 

The  difficulties  in  the  way  of  collecting  and  transporting  large  quan- 
tities of  water  in  a  region  comparatively  inaccessible  were  such  that  the 
number  of  large  samples,  for  the  more  complete  analyses,  was  restricted 
to  a  half-dozen ;  but,  though  at  the  beginning  of  the  examination  it  was 
supposed  that  a  i)artial  analysis,  such  as  might  be  made  with  smaller 
amounts  of  material,  must  suffice,  it  happened,  fortunately,  that  the 
development  of  certain  methods  as  the  work  progressed  has  so  far  ex- 
tended the  reach  of  the  analyses  of  the  smaller  samples  that  from  them 
it  is  possible  to  deduce  results  of  fair  accuracy,  and,  if  such  elements 
be  left  out  of  consideration  as  are  shown  by  the  more  elaborate  analysis 
to  be  present  either  not  at  all  or  only  as  traces  in  closely  comparable 
waters,  nearly  as  comprehensive  results  as  those  drawn  from  the  ex- 
amination of  the  larger  samples. 
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OPERATIONS  IN  THE  FIELD. 

The  examination  of  the  waters  was  necessarily  confined  in  the  field 
to  a  very  few  points.  Note  was  made  of  the  clearness  or  turbidity^  the 
reaction  to  litmus  and  turmeric,  the  temperature^  and  the  presence  or 
absence  of  hydrogen  sulphide.  The  tests  for  the  last  were  the  sense  of 
smell  and  the  action  of  the  water  upon  a  polished  silver  blade. 

The  operations  of  collecting  and  preparing  the  samples  for  transporta- 
tion were  carried  out  as  simply  as  possible.  The  water  was  bottled  in 
boxed  demijohns  when  it  was  possible,  and  otherwise  in  beer  bottles. 
In  every  case  great  care  was  taken  to  clean  the  receptacle  thoroughly 
and  rinse  before  bottling  with  some  of  the  water  to  be  examined.  In 
the  greater  number  of  cases  the  waters  were  so  marvelously  clear  that 
filtration  was  entirely  superfluous.  When,  however,  the  need  and  op- 
portunity occurred  the  waters  were  filtered  previous  to  bottling.  All 
samples  were  corked  tightly  and  sealed  hermetically. 

The  size  of  the  sample  varied  from  a  half  liter  to  one  hundred  liters, 
according  to  the  purpose  for  which  it  was  taken;  but  the  great  bulk  of 
the  largest  samples  was,  in  every  case  excepting  one,  reduced  greatly 
by  the  evaporation  of  the  main  portion  of  the  sample  previous  to  bot- 
^tling.  In  the  one  exceptional  case  the  sample  was  taken  for  the  specific 
purpose  of  examining  it  as  to  its  contents  in  the  heavy  metals,  and  was 
kept  for  subsequent  reduction  in  porcelain  in  the  laboratory,  in  order 
that  the  danger  of  contamination  by  the  tin  or  copper  of  the  tin-lined 
still  which  was  employed  to  effect  the  reduction  in  the  field  might  be 
precluded.  No  attempt  was  made  to  fix  with  more  than  a  rough  ap- 
proximation the  quantities  of  water  evaporated.  The  concentrated 
waters,  with  the  rinsings  of  the  still  in  the  natural  water  of  the  charge 
(such  portions  of  the  residue  as  adhered  to  the  walls  of  the  vessel  hav- 
ing been  dislodged  as  completely  as  possible  by  gentle  friction  with  a 
rubber  or  the  ball  of  the  finger),  were  carefully  bottled  and  sealed,  and 
the  determination  of  the  degree  of  concentration  was  left  to  be  effected 
in  the  laboratory  in  a  manner  to  be  described  later.  A  portion  of  the 
water  represented  by  the  concentrated  sample  was  always  reserved  in 
the  natural  condition  for  examination. 

For  the  determination  of  hydrogen  sulphide  special  samples  of  from 
600  cm^.  to  700  cm^.  were  generally  taken,  and  to  each,  if  the  water  did 
not  carry  free  sulphur,  was  added  before  corking  and  sealing  a  small 
amount  of  lead  acetate  in  crystals.  Doubtless  it  might  have  been  well 
to  fix  the  hydrogen  sulphide  similarly  in  the  case  of  waters  carrying 
free  sulphur,  having  first  separated  this  by  filtration  j  but  on  the  few 
occasions  when  that  need  arose  the  means  of  removing  the  sulphur 
were  not  at  hand.  In  these  cases,  therefore,  the  samples  were  simply 
bottled  and  sealed  with  care,  and  kept  for  examination  in  the  labora- 
tory. 

Nearly  all  the  waters  examined  were  hot  when  the  samples  were 

(10) 


GOOCH  AND  WHITFIELD.)  METHODS    OF  ANALYSIS. 


II 


taken  and  not  surcharged  with  carbonic  acid.  It  was  considered  un- 
necessary, therefore,  under  the  circumstances,  to  take  a  special  sample 
for  the  determination  of  the  carbonic  acid  and  treat  it  in  the  field  so 
as  to  fix  that  gas  in  insoluble  form,  but  for  this  estimation  reliance  was 
placed  upon  the  general  sample  which,  as  has  been  said,  was  corked 
and  sealed  with  great  care. 


The  operations  in  the  laboratory  comprised  the  determination  of  the 
specific  gravity  of  the  waters  and,  in  the  concentrated  samples  at  hand,, 
the  estimation  of  the  following  substances : 


In  analyses  for  which  the  natural  water  alone  was  available  those 
substances  only  were  sought  which  are  marked  in  the  table  with  an 
asterisk  (*). 

The  determination  of  what  is  known  as  the  total  residue^  the  amount 
of  solid  matter  left  upon  evaporating  a  known  amount  of  water,  is^ 
usually  regarded  as  desirable,  if  for  no  other  reason  than  to  serve  as  a 
control  of  the  summation  of  the  determinations  of  the  individual  con- 
stituents ;  but  the  complexity  of  these  waters  and  the  relations  of  the 
combined  salts  are  such  that  it  is  not  possible  to  arrive  at  the  same  end 
in  two  successive  treatments  by  evaporation  and  desiccation  of  the 
residue.  The  action  of  free  silica,  which  is  an  abundant  constituent  of 
the  waters,  is  to  set  free  during  the  process  carbonic  acid  from  the  car- 
bonates and  boric  acid  from  the  borates  ;  to  magnify  the  tendency  of 
the  chlorides  of  calcium,  magnesium,  and  lithium  to  exchange  chlorine 
for  oxygen,  and,  if  the  temperatures  be  pushed  sufficiently  high,  to 
dehydrate  the  silica  and  to  volatilize  sulphuric  acid.  Furthermore,  the 
extent  of  such  action  is  variable  and  indeterminate.  There  is  obvious 
reason,  therefore,  for  the  difficulty  which  we  experienced  in  obtaining 
residues  of  constant  composition;  and  similar  obstacles,  as  we  found 
practically,  oppose  the  attempt  to  reduce  the  residue  to  a  definite  con 
ditiou  by  evaporation  and  ignition  with  sulphuric  acid  in  excess.  By 
means  of  no  device  which  occurred  to  us  (and  several  lines  of  experi- 
mentation which  need  not  be  mentioned  here  were  followed)  were  we 
able  to  apply,  in  any  form,  this  general  method  of  control.    The  proof 
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*  Silicic  acid. 
Titanic  acid. 

*  Sulphuric  acid. 
Sulphurous  acid. 

**  Carbonic  acid. 
Nitric  acid. 
Nitrous  acid. 
Phosphoric  acid. 

*  Boric  acid. 

*  Chlorine. 
Bromine. 


Iodine. 


Barium. 
Strontium. 

*  Calcium. 

*  Magnesium. 
CsBsium. 
Rubidium. 

*  Potassium. 

*  Sodium. 

*  Lithium. 

*  Ammonia. 

*  Albuminoid  ammonia. 


Fluorine. 

*  Sulphur. 

*  Hydrogen  sulphide. 
Copper. 

Lead. 

*  Arsenic. 
Antimony. 

*  Iron. 

*  Aluminum. 
Manganese. 
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of  the  accuracy  of  our  analytical  work  rests,  therefore,  upon  the  agree- 
ment of  duplicate  determinations. 

For  convenience  in  the  matter  of  arrangement,  we  describe  first  those 
methods  of  analysis  which  were  applied  to  waters  in  the  natural  condi- 
tion ;  and  the  account  of  the  treatment  of  concentrated  waters  follows. 
Methods  for  the  determination  of  certain  substances  are  described  under 
both  heads.  For  when  the  entire  work  was  done  upon  the  natural 
water  the  mode  of  examination  was  sometimes  made,  of  necessity,  by 
processes  different  from  those  which  were  applied  in  the  examination  of 
concentrated  water ;  and  under  reversed  conditions  the  converse  was 
true.  In  some  of  the  earlier  analyses  methods  were  employed  which 
later  experience  taught  us  might  be  advantageously  replaced  by  proc- 
esses which  were  developed  subsequently.  In  the  account  of  the 
methods  employed  all  of  these  are  placed  under  the  proper  head  ;  and 
in  the  statement  of  analyses  mention  is  made,  when  there  might  be 
doubt,  of  the  particular  method  adopted. 

TREATMENT  OF  NATURAL  WATERS. 

Specific  gravity. — The  figures  which  stand  for  the  specific  gravity  of  a 
water  represent  the  weight  of  any  volume  of  the  water  under  consid- 
eration at  15.50  C.  compared  with  the  weight  of  the  same  volume  of 
distilled  water  at  the  same  temperature.  The  determinations  were  nearly 
all  made  with  a  Geissler  bottle,  fitted  with  a  ground  tubular  stopper  and 
cap,  and  a  thermometer.  In  a  few  of  the  earlier  determinations  a  bulb- 
apparatus  similar  in  general  principle,  but  wanting  the  immersed  ther- 
mometer,  was  employed.  The  temperature  of  the  water  in  the  bottle 
was  taken  immediately  after  the  final  adjustment  of  volume,  and  the 
latter  was  eifected  instantly  and  without  handling  after  the  filled  bottle 
had  been  permitted  to  stand  a  few  moments  to  bring  about  an  equal 
distribution  of  temperature.  When  the  bulb-apparatus  was  employed 
the  temperature  of  the  water  was  taken  before  filling  the  bulb  and  after 
weighing,  and  tlie  mean  of  the  two  readings  was  assumed  to  be  the 
temperature  of  the  water  at  the  time  when  the  volume  was  adjusted. 
The  weight  shown  by  the  balance  was  taken  as  the  weight  of  the  water 
which  would  fill  the  apparatus  at  the  temperature  noted.  The  weight 
of  the  same  volume  of  the  water  at  15.5^  0.  was  calculated  fi-om  the 
weight  observed,  upon  the  assumption  that  the  co-efficient  of  expansion 
of  the  water  under  examination  was  the  same  as  that  of  pure  water. 
The  rates  of  the  value  thus  found  to  the  value  found  by  a  similar  treat- 
ment of  pure  water  is  the  specific  gravity  at  15.5o  C.  It  is  obvious 
that,  in  order  that  the  assumption  of  the  identity  of  the  co  efficients  of 
expansion  of  the  water  under  examination  and  of  pure  water  may  be 
the  occasion  of  the  least  error,  the  observed  temperature  must  be  as 
near  lo.S^  O.  as  may  be ;  and  that  the  temperature  of  the  balance- 
room  should  be  not  far  from  the  same,  in  order  that  errors  which. may 
^arise  from  changes  of  temperature  in  the  water  during  the  manipula- 
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tion,  and  from  the  establisliment  of  air-currents  in  the  balance-case 
may  be  less  liable  to  occur.  So  far  as  we  were  able  these  sources  of  in- 
accuracy were  guarded  against,  but  the  conditions  under  which  the 
work  was  performed  necessitated  the  application  of  corrections  rather 
greater  than  we  should  wish.  The  figures  which  represent  the  specific 
gravity  in  the  statement  of  the  analyses  are  probably  not  accurate  be- 
yond the  fourth  decimal  place. 

Hydrogen  sulphide  and  free  sulpliur. — Hydrogen  sulphide  in  waters 
which  did  not  carry  free  sulphur  was  determined  in  the  special  sample 
to  which  lead  acetate  had  been  added  in  crystals  at  the  time  of  bot- 
tling. Before  breaking  the  seal  of  the  bottle  a  scratch  was  made  upon 
the  neck  on  the  line  of  the  meniscus  of  the  water  within,  and  the  vol- 
ume of  the  sample — usually  about  600  cm^ — was  determined  subse* 
quently  with  sufficient  accuracy  (the  amount  of  hydrogen  sulphide  pres- 
ent being  always  trifling)  by  finding  the  volume  of  water  necessary  to 
fill  the  bottle  to  the  mark.  The  precipitate  which  had  been  formed  in 
the  bottle  by  the  addition  of  lead  acetate  was  left  undisturbed  at  first, 
and  the  supernatant  liquid  decanted  as  completely  as  possible.  Thea 
the  precipitate  was  easily  removed,  and  for  the  most  part  dissolved  by 
means  of  a  little  sodium  hydrate  in  solution,  and  the  solution  and  re- 
maining precipitate  were  added  to  the  water  previously  decanted.  At 
this  point  the  lead  sulphide  showed  itself,  if  any  was  present,  and 
was  collected  without  difficulty  by  filtering  the  alkaline  liquid  in  which 
it  floated  through  a  felt  of  asbestos  in  a  perforated  crucible,  in  the 
manner  described  by  one  of  us  previously.^  The  felt  and  the  ad- 
herent precipitate  were  transferred  to  a  beaker,  treated  with  potas- 
sium chlorate  and  hydrochloric  acid  to  oxidize  the  sulphide,  and  the 
sulphuric  acid  thus  formed  was  determined  by  precipitation  as  barium 
sulphate.  From  waters  carrying  free  sulphur  that  element  was  sep- 
arated by  filtration.  The  residue,  after  washing  sufficiently  to  remove 
the  sulphates,  was  treated  with  hydrochloric  acid  and  potassium  chlo- 
rate, and  the  resulting  sulphuric  acid  was  determined  as  barium  sul- 
phate. The  filtrate  from  the  sulphur  contained  the  hydrogen  sulphide, 
if  it  was  present  in  the  sample,  and  this  was  removed  by  lead  acetate 
and  estimated  in  the  manner  described  above. 

Sulphurous  acid. — The  test  for  sulphurous  acid  was  made  in  the  case 
of  a  few  waters  which  did  not  carry  more  than  a  trace  of  hydric  sulphide 
by  titrating  200  cm^  of  the  water,  acidified  with  sulphuric  acid,  with  a 
standardized  solution  of  potassium  permanganate.  In  none  of  these 
was  a  reducing  action  found  greater  than  was  attributable  to  the  action 
of  the  hydrogen  sulphide  and  arsenic  (assumed  to  be  in  the  condition 
of  arsenious  acid)  known  to  be  present. 

Sulphuric  acid. — The  sulphuric  acid  was  precipitated  from  a  known 
weight  of  water,  after  acidifying  distinctly  with  hydrochloric  acid  and 
heating  to  boiling  by  means  of  barium  chloride.   After  cooling  and 
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settling,  usually  after  twelve  hours,  the  supernatant  liquid  was  de- 
canted as  completely  as  possible  from  the  precipitate  and  passed 
through  an  asbestos  felt  in  a  perforated  crucible.  The  precipitate  re- 
maining in  the  beaker  was  boiled  with  a  small  portion  of  strong  hydro- 
chloric acid,  and  the  latter  was  removed  by  evaporation  on  the  water, 
bath.  Treatment  with  hot  acidulated  water  left  the  precipitate  as  pure 
as  barium  sulphate  may  be,  and  ready  for  collection  upon  the  same  felt 
through  which  the  supernatant  liquid  had  been  poured.  Thorough 
washing,  ignition,  and  weighing  completed  the  operation. 

NitriG  and  nitrous  acids. — In  examining  the  waters  as  regards  their 
contents  in  nitric  and  in  nitrous  acids  a  modification  of  the  indigo 
method  was  followed.  The  action  of  these  acids  upon  indigo  is  known 
not  only  to  be  variable  with  the  conditions  of  dilution,  temperature, 
and  the  proportion  of  sulphuric  acid  added,  but  also  to  be  dependent 
upon  the  order  in  which  the  solution  of  indigo,  the  sulphuric  acid,  and 
the  nitrous  or  nitric  acid  are  intermixed.  On  this  account  great  care 
was  taken  to  secure  uniformity  of  treatment  of  the  standard  solutions 
and  the  water  under  the  test.  For  preliminary  testing  a  portion  of 
water  was  reduced  by  evaporation  to  a  volume  of  50  cm^.  cooled  to  the 
temperature  of  the  air,  introduced  into  an  Erlenmeyer  flask,  and  mixed 
with  an  equal  volume  of  strong  sulphuric  acid.  To  the  mixture  the  so- 
lution of  indigo  was  added  until  a  distinct  tinge  of  green  became  visi- 
ble. In  this  manner  the  amount  of  the  solution  of  indigo  from  which  a 
given  amount  of  the  water  under  test  would  discharge  the  color  became 
known  approximately.  For  the  exact  test  the  portion  of  water,  after 
evaporation  and  cooling,  was  brought  to  a  volume  which  was  less  than 
50  cm^.  by  an  amount  equivalent  to  the  volume  of  the  solution  of  indigo 
used  in  the  preliminary  test.  To  the  portion  thus  prepared  were  added 
50  cm^  of  strong  sulphuric  acid  at  once,  and  the  solution  of  indigo  as 
rapidly  as  the  catching  of  the  exact  point  at  which  the  tinge  of  green 
appeared  would  permit.  At  the  instant  of  coloration  the  flask  with  its 
contents  was  placed  in  a  bath  of  parafifine  heated  to  140^  0.  The  vol- 
ume of  the  solution  of  indigo  which  had  been  added  was  noted  and,  if 
at  the  end  of  five  minutes'  heating  in  the  bath  the  tinge  of  color  was 
still  visible,  this  volume  was  taken  as  the  measure  of  the  nitrates  and 
nitrites  in  the  water.  If,  on  the  other  hand,  the  color  vanished  during 
the  heating,  it  was  reproduced  by  the  addition  of  more  indigo,  and  the 
digestion  in  the  bath  at  140^  0.  was  prolonged  during  another  interval 
of  five  minutes. 

This  mode  of  treatment  was  repeated  until  the  coloration  was  perma- 
nent  during  the  interval  of  digestion.  The  total  volume  of  the  solution 
of  indigo  employed  was  recorded,  and  its  value  in  terms  of  nitric  acid 
determined  in  the  manner  to  be  described. 

As  Warrington  has  shown, ^  the  oxidizing  power  of  nitric  acid  upon 
indigo  decreases  as  the  dilution  of  the  solution  in  which  the  action  takes 
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place  increases.  It  is  plain,  therefore,  that  in  order  that  the  exact  value 
of  the  volume  of  the  indigo  solution  emploj^ed  in  the  test  may  be  known, 
the  amount  of  nitric  acid  needed  to  discharge  the  color  from  an  equal 
amount  of  the  same  solution  under  the  conditions  of  the  test  must 
be  determined.  To  effect  this  determination  we  made  use  of  a  solution 
of  potassium  nitrate  of  known  strength,  and  found  by  experiment  the 
amount  of  it  which,  mixed  with  50  cm^  of  strong  sulphuric  acid,  with 
water  enough  to  bring  the  final  volume  to  100  cm^,  and  with  the 
amount  of  the  solution  of  indigo  employed  in  the  test,  was  just  ade- 
quate to  discharge  all  color  excepting  the  faint  characteristic  tinge 
which  must  remain  unchanged  after  five  minutes'  heating.  The  oxidiz- 
ing power  of  the  nitrates  and  nitrites  in  the  water  is  exactly  measured 
by  the  amount  of  nitric  acid  in  the  quantity  of  the  standard  nitrate 
solution  which  is  required  to  produce  the  end-reaction.  The  solution 
of  potassium  nitrate  which  we  used  contained  0.0001  g.  to  1  cm^ 
The  mode  of  manipulation  which  we  adopted  keeps  the  proportion  of 
strong  sulphuric  acid  added  to  the  mixture  (excepting  the  preliminary 
tests)  always  the  same,  and  consequently  the  heat  generated  in  the 
reaction  is  the  same  always.  The  order  in  which  the  re-agents  are 
brought  together  is  the  same  in  all  cases,  and  sources  of  inaccuracy 
due  to  the  variability  of  the  action  of  nitric  acid  with  the  degree  of 
dilution  are  eliminated. 

Cc^rbonic  acid. — The  greater  number  of  the  waters  with  which  we 
have  had  to  deal  were  hot  when  the  sample  was  taken,  and  not  sur- 
charged with  carbonic  acid.  In  view  of  the  circumstances  under  which 
the  waters  were  collected  it  was  thought  that  a  portion  of  the  general 
sample,  which  was  carefully  sealed,  might  be  made  to  serve  the  purpose 
of  determining  the  carbonic  acid  contained  in  the  water,  instead  of  por- 
tions taken  specially  for  that  end  and  treated  in  the  field  with  a  mixt- 
ure of  ammonia  and  calcium  chloride  to  fix  the  carbonic  acid  gas.  Ac- 
cordingly dependence  was  placed  upon  the  large  general  sample  for  this 
estimation.  The  presence  of  free  silica  in  the  waters  and  the  complex- 
ity of  composition  place  so  great  an  obstacle  in  the  way  of  determin- 
ing the  free  carbonic  acid  that  the  attempt  to  make  the  estimation  was 
not  undertaken.  The  method  which  we  adopted  for  the  determination 
of  the  total  carbonic  acid  is  that  well-known  process  which  rests  upon 
the  boiling  of  the  acidified  liquid  and  the  absorption  and  weighing  of 
the  gas  evolved.  The  apparatus  which  we  employed,  differing  some- 
what from  that  in  ordinary  use  for  this  purpose,  is  shown  in  Fig.  1. 
It  consisted  essentially  of  a  flask  in  which  to  boil  the  water,  a  cooler  to 
retRrn  the  condensed  steam  to  the  flask,  a  U  tube  filled  with  anhydrous 
cupric  sulphate  to  intercept  traces  of  hydrochloric  acid  which  might 
escape  condensation  in  the  cooler,  a  second  (J  tube  charged  with  cal- 
cium chloride  to  dry  the  gas,  potash  bulbs  to  retain  the  carbonic  acid, 
and  two  tubes  filled  with  calcium  chloride,  one  of  which  was  to  retain 
moisture  carried  over  from  the  potash  bulbs  and  was  weighed  with 
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them,  the  other  serving  to  protect  the  weighed  tube  from  the  action  of 
the  external  air.  Through  the  rubber  stopper  of  the  flask  passed  the 
tube  of  a  separating  funnel,  the  end  of  the  condensing  tube,  and  a  tube 
which  connected  the  interior  of  the  flask  with  the  system  of  bottles  and 
scrubbing  tower,  which  furnished  at  will  and  under  slight  pressure  a 
supply  of  dry  air  free  from  carbonic  acid. 


Fig.  1. — Apparatus  for  the  estimation  of  carbonic  acid. 


Before  beginning  the  operation  of  determining  the  carbonic  acid  in  a 
water  the  atmospheric  air  was  expelled  from  the  apparatus  and  replaced 
by  pure  air  free  from  carbonic  acid.  The  stop-cock  in  the  funnel  tube 
and  the  connection  with  the  aspirator  having  been  closed,  the  water 
started  through  the  cooler,  and  the  joint  broken  between  the  potash 
bulbs  and  the  drying  tube  immediately  preceding  it,  a  few  cubic  centi- 
meters of  distilled  water  were  put  into  the  flask  and  boiled.  The  steam 
generated  drove  the  air  from  the  flask,  and  that  remaining  in  the  tubes 
was  swept  forward  by  pure  air  admitted  from  the  aspirator.  The  outer 
opening  of  the  tube  at  the  end  of  the  line  was  closed,  the  source  of  heat 
removed,  and  the  flask  allowed  to  fill  with  air  from  the  aspirator.  The 
whole  apparatus  having  been  filled  thus  with  air  free  from  carbonic  acid, 
the  water  to  be  examined — we  found  200  g.  to  be  a  convenient  amount — 
was  introduced  into  the  flask  through  the  funnel  tube  and  followed  by 
a  little  boiled  water  and  a  sufficiency  of  sulphuric  acid,  care  being  taken 
to  exclude  the  outer  air  during  the  operation.  The  connection  between 
the  line  of  drying  tubes  and  the  absorption  bulbs  was  re-established,  the 
liquid  in  the  flask  was  brought  to  the  boiling  point,  and,  to  secure  con- 
stant and  quiet  ebullition  as  well  as  to  aid  in  transferring  the  carbonic 
acid  from  the  flask  to  the  absorption  bulbs,  a  current  of  pure  air  was 

(16) 


GOOCH  AND  WHITFIELD.]  METHODS   OF  ANALYSIS.  17 

sent  slowly  through  the  boiling  liquid  which  covered  the  end  of  the  as- 
pirating tube  and  that  of  the  funnel  tube.  At  the  end  of  half  an  hour 
the  burner  was  removed  from  under  the  flask  and  the  apparatus  was 
permitted  to  cool  during  another  half  hour,  the  current  of  air  being 
kept  in  motion  through  it.  The  diiference  between  the  weights  of  the 
potash  bulbs,  with  the  drying  tube  which  accompanies  them,  before  and 
after  the  operation,  was  taken  to  be  the  weight  of  carbonic  acid  ab- 
sorbed, and  the  total  carbonic  acid  of  the  portion  of  water  examined. 

When  the  water  under  examination  contained  hydrogen  sulphide,  a 
little  capric  sulphate  was  introduced  before  acidifying  into  the  portion 
which  was  to  serve  for  the  determination  of  carbonic  acid. 

Arsenious  acid  and  horic  acid, — To  the  portion  taken  for  analysis — 
usually  500  g. — hydrochloric  acid  was  added  in  distinct  excess,  the 
temperature  of  the  liquid  was  raised  to  70^  0.,  and  the  source  of  heat 
having  been  removed,  hydrogen  sulphide  gas  was  introduced  in  a  gentle 
current  for  several  hours.  The  precipitation  of  the  arsenious  sulphide 
began  at  once,  but  the  action  of  the  precipitant  was  continued  to  insure 
completeness.  The  precipitate  was  collected  upon  an  asbestos  felt, 
w^ashed,  and  dissolved  in  fuming  nitric  acid.  The  solution  in  nitric  acid 
was  evaporated  to  dryness,  the  residue  was  dissolved  in  hydrochloric 
acid,  and  from  this  solution,  made  strongly  ammoniacal  but  kept  small 
in  volume,  the  arsenic  was  precipitated  by  the  addition  of  the  magne- 
sium chloride  mixture  and  brisk  agitation.  The  precipitated  ammo- 
nium-magnesium arsenate  was  allowed  twelve  hours  in  which  to  set- 
tle and  was  then  transferred  by  means  of  the  mother  liquor,  without 
the  use  of  other  liquid,  to  a  perforated  crucible  carrying  an  asbestos 
felt,  washed  thoroughly  with  the  mixture  of  one  part  of  ammonia  to 
three  of  water,  usually  employed  for  this  purpose,  but  with  the  sparing 
use  of  the  washing  material  which  this  mode  of  filtration  permits,  dried 
carefully,  ignited  gently  at  first,  and  at  a  low  red  heat  afterward,  in  an 
atmosphere  of  oxygen.  The  great  faults  of  this  process,  originally  Le- 
vol's,  have  been  the  solubility  of  the  precipitate  in  the  mother  liquor 
and,  more  especially,  in  the  ammoniacal  wash  water,  and  the  difficult^' 
in  drying  or  igniting  the  precipitate  collected  on  paper.  These  sources 
of  inaccuracy  vanish,  however,  so  completely  with  the  use  of  the  asbes- 
tos filter  and  due  care  in  keeping  the  volume  of  mother  liquor  and  the 
washings  small,  that  the  filtrate,  freed  from  ammonia,  acidified  and 
charged  with  hydrogen  sulphide,  fails  to  yield  arsenious  sulphide.  As 
a  test  for  the  presence  of  arsenic  the  method  has  enjoyed  an  excellent 
reputation,  and  in  the  form  in  which  we  have  made  use  of  it  we  believe 
it  to  be  exact. 

The  filtrate  from  the  precipitate  of  arsenious  sulphide,  containing  all 
the  boric  acid,  was  nearly  freed  from  hydrogen  sulphide  by  the  transmis- 
sion of  air,  and  the  chlorine,  with  residual  traces  of  hydrogen  sulphide, 
was  removed  by  treatment  with  silver  nitrate  and  filtration.  The  fil- 
trate from  the  precipitated  sulphide  and  chloride  was  treated  with  sodium 
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hydrate,  in  quantity  a  little  more  than  sufficient  to  precipitate  the  ex- 
cess of  silver,  as  completely  as  may  be.  The  whole  was  evaporated 
until  the  precipitate  took  on  a  compact  and  granular  form,  then  filtered, 
and  the  filtrate  was  evaporated  nearly  to  dryness.  The  residue  was 
treated  with  nitric  acid,  first  just  to  acidity,  and  then  with  a  sufficient 
(measured)  amount  to  make  it  certain  that  the  boric  acid  was  entirely 
free.  The  concentrated  solution  of  the  nitrates,  nitric  acid,  and  boric 
acid  was  drenched  with  methyl  alcohol  to  precipitate  the  first  and  dis- 
solve the  last.  The  solution  of  boric  acid  was  quickly  separated  from 
the  precipitate  by  means  of  the  vacuum  filter,  and  the  residue  washed 
sufficiently  with  methyl  alcohol.  When  much  boric  acid  is  present  the 
precipitated  nitrates  should  be  dissolved  in  water  and  the  process  of 
precipitation  with  methyl  alcohol  repeated  j  but  when  small  quanti- 
ties are  dealt  with,  as  was  the  case  in  the  most  of  our  work  upon  these 
waters,  a  single  treatment  leaves  no  boric  acid  in  the  residue.  From 
the  solution  in  methyl  alcohol,  the  boric  acid  was  separated  and  its 
amount  estimated  by  a  method  devised  by  one  of  us  and  described  else- 
where in  full.^ 

This  process  consists  essentially  in  distilling  to  dryness  the  solution 
in  methyl  alcohol,  containing  free  nitric  acid  and  nitrates,  and  treating 


Fig.  2, — Apparatus  for  the  estimation  of  boric  acid, 

I  bulletin  of  the  U.  S.  Geological  Survey,  No.  42,   Am.  Qheio,  Jouy.,  vol,_9,  pi  83," 
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the  resulue  by  successive  drencliiugs  with  methyl  alcohol  and  distilla- 
tions. The  distillate,  carefully  protected,  contaius  at  the  end  of  the 
operation  all  the  boric  acid,  and  this  is  fixed  as  calcium  borate  by 
the  evaporation  of  the  distillate  over  lime.  The^diiference  between 
the  weight  of  ignited  lime  and  the  weight  of  the  same  after  having 
been  submitted  to  the  action  of  the  alcoholic  solution  and  ignition  is 
the  weight  of  boric  anhydride  in  the  solution. 

The  distillation  was  effected  by  means  of  an  apparatus  which  consists 
of  retort,  condenser,  and  bath  for  heating  (Fig.  2).  For  the  last  a  bath 
of  paraffine  is  on  the  whole* most  convenient.  The  condenser  is  set  ver- 
tically to  facilitate  changing  the  level  of  the  retort  within  the  bath,  and 
to  secure  at  the  same  time  continued  and  thorough  washing  of  the  tube 
by  its  own  condensations.  The  retort,  somewhat  like  the  well-known 
drying  tube  of  Liebig  in  general  shape,  is  easily  made  of  a  pipette  by 
bending  the  tube  at  one  end  to  a  right  angle,  at  the  other  to  a  goose- 
neck, as  shown.  To  the  former  end  is  fitted,  by  a  rubber  stopper  or  sec- 
tion of  tubing,  a  glass  funnel-tube  provided  with  a  stop-cock  ;  the  end 
of  the  goose-neck  passes  tightly  through  a  rubber  stopper  in  the  upper 
end  of  the  condensing  tube.  This  is  essentially  the  apparatus;  but  it  is 
convenient  to  attach,  to  receive  the  distillate,  a  small  Erlenmeyer  flask, 
which  moves  with  the  condenser  and  is  joined  to  it,  in  the  manner  indi- 
cated in  the  figure,  by  means  of  a  thistle  tube  and  a  rubber  stopper 
grooved  to  permit  the  free  passage  of  air.  In  carrying  out  the  distilla- 
tion the  liquid  is  introduced  into  the  retort  either  by  the  funnel  tube  or 
previous  to  its  insertion,  the  glass  stop-cock  is  closed,  the  water  started 
through  the  condenser,  and  the  retort  lowered  into  the  hot  parafiine, 
care  being  taken  to  begin  the  operation  with  the  retort  not  more  than 
half  full  and  so  inclined  that  only  the  rear  dips  below  the  surface  of  the 
bath.  If  the  precaution  to  heat  the  retort  at  the  start  in  this  manner 
be  overlooked  it  may  sometimes  happen  that  the  sudden  and  violent 
expulsion  of  air  through  the  liquid  will  carry  portions  of  it  bodily  into 
the  goose-neck  and  even  into  the  condenser.  With  this  point  consid- 
ered, the  remainder  of  the  operation  presents  no  difficulty  and  requires 
little  care.  The  size  of  the  retort  may  be  suited,  of  course,  to  the  par- 
ticular  case  in  hand,  but  for  most  purposes  a  pipette  of  200  cm^  capacity 
makes  a  retort  of  convenient  dimensions,  neither  too  large  for  the  dis- 
tillation of  small  charges  nor  too  small  to  permit  the  treatment  of  100 
cm^  of  liquid  comfortably.  The  tube  of  the  goose-neck  should  be  wide 
enough  to  prevent  the  formation  of  bubbles  in  it;  0.7  cm.  is  a  good 
measure  for  the  interior  diameter.  It  is  of  advantage  to  heat  the  bath 
to  a  point  considerably  above  the  temperature  at  which  the  liquid  to  be 
distilled  boils — something  between  130^  C.  and  140^  C.  does  very  well 
for  water,  and  is  not  too  high  for  methyl  alcohol — and  under  such  cir- 
cumstances, and  when  the  retort  is  entirely  submerged,  it  often  happens 
that  evaporation  takes  place  with  extreme  rapidity  from  the  surface  of 
the  liquid  in  perfect  quiet  and  without  actual  boiling. 
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Experiment  showed  that  six  successive  treatments  by  drenching  with 
10  cm^  of  methyl  alcohol  and  distillation  to  dryness  were  more  than  ade- 
quate to  remove  0.2  g.  of  boric  anhydride  entirely  from  a  residue  contain- 
ing 2  g.  of  sodium  hitrate;  but,  in  order  to  break  up  tiie  crusted  residue, 
which  by  its  insolubility  in  the  alcohol  might  effect  to  some  extent  the 
protection  of  the  boric  acid  from  the  action  of  the  alcohol,  it  was  found 
best  to  introduce  and  evaporate  2  cm^.  of  water  between  the  second  and 
third,  and  again  between  the  fourth  aud  fifth  distillations.  In  most  of 
the  cases  with  which  we  were  concerned  in  the  work  upon  these  waters 
four  treatments  by  drenching  and  distilhng,  with  one  intermediate 
moistening  with  water,  were  entirely  sufficient  to  volatilize  the  boric 
acid;  but  in  every  case  the  residue  was  examined  for  boric  acid  by  the 
exceedingly  delicate  turmeric  test,  taking  care  to  first  oxidize  nitrites 
by  means  of  bromine,  and  to  expel  the  last  before  applying  the  test. 

When  the  solution  of  boric  acid  in  methyl  alcohol  is  put  over  lime  and 
evaporated  at  once  some  volatilization  of  the  boric  acid  is  apt  to  take 
place;  but  a  short  period  of  digestion — from  five  to  fifteen  minutes — is 
sufficient  to  fix  the  boric  acid  completel3\ 

To  secure  the  proper  exposure  before  evaporation,  with  the  least  de- 
lay, the  lime  which  is  to  retain  the  boric  acid,  first  ignited  in  the  crucible 
in  which  the  evaporation  is  to  be  made  subsequently,  is  transferred  to 
the  receiving  flask  attached  to  the  condenser  before  the  distillation  Is 
begun,  and  so  has  opportunity  to  exert  its  action  upon  the  boric  acid 
as  the  distillation  progresses.  At  the  end  of  the  distillation  the  distil- 
late, containing  the  alcohol,  boric  acid,  nitric  acid,  and  lime,  is  trans- 
ferred again  to  the  crucible,  evaporated  to  dryness  at  a  very  gentle 
heat,  and  ignited  to  a  constant  weight  over  the  blast  lamp.  The  great- 
est care  is  to  be  taken  to  secure  similarity  of  conditions  under  which 
the  crucible  and  lime  are  weighed  before  and  after  ignition,  and  definite 
periods  of  cooling  before  weighing — ten  minutes  is  a  suitable  time — 
should  be  allowed  to  pass,  in  order  to  eliminate,  as  far  as  possible,  the 
effect  of  atmospheric  condensation  upon  the  large  surface  of  platinum. 
'  The  tendency  of  the  process  is  to  yield  figures  slightly  larger  than 
the  truth,  as  was  shown  in  the  test  analyses  which  are  given  in  the  full 
description  of  the  process,  to  which  reference  has  been  made.  In  dis- 
tilling 0.2  g.  of  boric  anhydride  and  fixing  it  in  1.5  g.  of  calcium  oxide, 
the  mean  error  was  shown  to  be  about  0.0010+g.  In  the  work  upon 
the  waters  parallel  determinations  rarely  diff'ered  by  more  than  that 
amount. 

^  Chlorine  {ivith  bromine  and  iodine). — The  precipitation  of  chlorine,  to- 
gether with  bromine  and  iodine,  was  usually  effected  without  difficulty 
by  treating  the  weighed  portion  of  water — from  ICO  g.  to  500  g.,  accord- 
ing to  the  circumstances — with  nitric  acid  to  a  slightly  acid  reaction  aud 
silvernitrateift^xcess,  directly  and  in  the  usual  ^[^nnory  excepting  that 
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the  operation  wUs  effected  in  the  cold  and  that  the  whole  was  allowed  to 
stand  quietly  in  the  dark  for  several  hours  to  secure  perfect  subsidence  of 
the  precipitate.  In  only  one  or  two  cases  did  the  silica,  which  the  waters 
carry  abundantly,  give  rise  to  trouble  in  the  precipitation.  In  such  cases 
comparative  tests  were  made  as  just  described  upon  portions  treated 
previously  with  an  excess  of  pure  sodium  hydrate,  it  having  been  noticed 
that  certain  very  siliceous  waters,  which  of  themselves  very  quickly 
filled  the  pores  of  the  filter  with  an  invisible  coating  of  silica,  could  be 
made  to  filter  with  rapidity  by  first  treating  them  with  sodium  hydrate 
in  excess,  and  then  with  nitric  acid  to  slight  acidity.  Treatment  with 
acid  alone  did  not  bring  about  the  desired  condition  of  the  silica.  In 
the  case  of  the  water  of  the  Coral  Spring  the  proportion  of  silica  is  so 
great  and  its  character  such  that  to  secure  satisfactory  results  we  were 
obliged  to  convert  the  silica  to  hydrofluosilicic  acid,  by  the  addition  of 
hydrofluoric  acid  and  nitric  acid,  before  precipitating  the  silver  salt. 
The  silver  chloride  (including  the  bromide  and  iodide)  was  collected 
upon  asbestos  in  a  perforated  crucible,  dried  directly  over  the  free 
flame  of  a  Bunsen  burner  turned  very  low  and  at  a  temperature  below 
its  melting  point,  and  weighed.  In  the  case  of  waters  containing  hydro- 
gen sulphide  in  quantity  precipitable  by  silver  nitrate  the  portion  for 
analysis  was  rendered  ammoniacal  before  the  addition  of  the  silver  salt, 
and  the  precipitated  silver  'sulphide  was  filtered  off.  The  silver  salts 
of  the  halogens  were  then  precipitated  from  the  filtrate  by  nitric  acid, 
and  the  process  was  completed  as  described. 

Silica,  iron  and  aluminum,  calcium,  and  magnesium. — A  single  weighed 
portion  of  water  served  for  the  determination  of  the  silica,  iron  and 
aluminum,  calcium  and  magnesium.  The  water  was  acidified  with  hy- 
drochloric acid,  evaporated  to  dryness  in  platinum  over  the  water-bath, 
again  acidified  and  again  evaporated.  The  residue  was  digested  with 
hot  water  containing  a  little  hydrochloric  acid,  and  the  solution  was 
filtered  from  the  residue  of  silica,  which  was  ignited  in  platinum  and 
tested  as  to  its  purity  in  the  usual  manner  with  hydrofluoric  acid. 

In  the  filtrate  ammonia,  in  the  slightest  excess,  precipitated  ferric 
andaluminic  hydrates  from  the  boiling  solution,  and  these  were  collected, 
ignited,  and  weighed  as  oxides  in  the  usual  manner.  The  lime  was 
thrown  out  of  the  hot  ammoniacal  filtrate  by  ammonium  oxalate,  and 
the  calcium  oxalate  filtered  off  after  standing  twelve  hours  in  the  cold. 
When  the  amount  precipitated  exceeded  a  few  milligrams  it  was  dis- 
solved in  hydrochloric  acid,  reprecipitated  by  ammonia  and  ammonium 
oxalate  and  collected  upon  a  filter,  the  filtrate  from  the  second  precip- 
itation being  added  to  that  from  the  first.  The  calcium  oxalate  was 
dried,  ignited,  and  weighed  as  calcium  oxide, 

The  filtrate  (or  the  united  filtrates)  from  the  calcium  oxalate  was 
evaporated  in  platinum,  and  the  residue  was  gently  ignited  to  destroy 
the  ammonium  oxalate — which  tends  to  delay  the  precipitation  of  the 
magnesia  if  permitted  to  remain  in  the  solution — and  dissolved  in  hy- 

(21) 


22 


WATERS  OF  YELLOWSTONE  NATIONAL  PARK.         [bull. 47. 


drocbloric  acid.  From  this  solution  the  magnesia  was  precipitated  in 
the  usual  manner  by  microcosmic  salt  and  ammonia,  and  after  standing 
twelve  hours  or  more,  the  phosphate  was  collected  upon  asbestos  in  a 
perforated  crucible,  washed  with  the  mixture  of  one  part  of  ammonia  to 
three  of  water,  commonly  used  in  the  process,  moistened  at  the  end  of 
the  washing  with  a  strong  solution  of  ammonium  nitrate  in  ammonia, 
ignited  for  a  moment  to  redness,  and  weighed  as  the  pyrophosphate. 

Sodium,  potassium,  and  lithiim. — In  some  of  the  earlier  work  only 
sodium  and  potassium,  of  the  alkalies,  were  determined  in  the  natural 
water,  and  for  the  determination  of  the  lithium  portions  of  the  concen- 
trated water  were  treated  by  the  method  which  will  be  referred  to  later. 
In  the  greater  number  of  cases  the  same  portion  of  the  natural  water 
served  for  the  determination  of  lithium  as  well  as  sodium  and  potas- 
sium. The  portion  for  analysis  was  acidified  in  platinum  with  hydro, 
chloric  acid  and  evaporated  to  dryness.  The  residue  was  extracted 
with  hot  water  slightly  acidulated  with  hydrochloric  acid,  the  solution 
was  separated  from  the  precipitated  silica  by  filtration,  and  to  the  fil- 
trate was  added,  with  care  to  secure  a  sufficiency  and  yet  to  avoid  a 
great  excess,  barium  hydrate  made  from  the  nitrate,  itself  purified  by 
precipitation  by  nitric  acid.  Filtration  separated  the  precipitated  hy- 
drates of  aluminum,  iron,  and  magnesium^  with  barium  sulphate  5  and 
from  the  filtrate  ammonium  carbonate  and  ammonia  precipitated,  upon 
boiling,  nearly  the  whole  of  the  barium  and  calcium  as  carbonates. 
The  filtrate  from  the  precipitated  carbonates  was  evaporated  to  dryness, 
and  the  residue  was  gently  ignited  to  remove  ammonium  chloride,  treated 
with  hydrochloric  acid,  freed  from  the  excess  of  acid  by  evaporation  on 
the  water-bath  to  dryness,  dissolved  in  a  very  small  amount  of  water, 
and  treated  again  with  a  few  drops  of  the  solution  of  ammonium  car- 
bonate and  ammonia.  This  treatment  usually  results  in  the  precipita- 
tion of  traces  of  barium  carbonate  which  have  previously  escaped  re- 
moval by  the  similar  treatment  of  the  larger  volume  of  liquid.  The  fil- 
trate from  this  last  slight  precipitate  was  again  evaporated  and  treated 
as  before;  and,  in  case  any  further  precipitation  took  place,  the  process 
was  repeated  until  the  purification  was  complete.  Usually,  however,  the 
first  precipitation  in  the  larger  volume  of  liquid  and  the  second  treat- 
ment in  the  solution  reduced  to  small  bulk  are  together  sufficient  to 
remove  the  baiium  carbonate  completel3\  The  filtrate  from  the  last 
precipitate  was  evaporated  in  a  weighed  platinum  dish,  and  the  resi- 
due, consisting  of  the  chlorides  of  sodium,  potassium,  and  lithium,  was 
dried,  gently  ignited,  and  weighed. 

From  the  mixed  chlorides  the  lithium  salt  was  separated  by  a  process 
which,  devised  by  one  of  us  during  the  progress  of  the  work  and  de- 
scribed elsewhere  in  full,^  needs  but  brief  outlining  in  this  place.  To 
the  concentrated  solution  of  chlorides  amyl  alcohol  is  added  and  heat 
is  applied,  gently  at  first  to  avoid  danger  of  bumping,  until,  the  water 
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disappearing  from  solution  and  the  point  of  ebullition  rising  and  be- 
coming constant  for  some  minutes  at  a  temperature  approximately  that 
at  which  the  alcohol  boils  by  itself,  the  chlorides  of  sodium  and  potas- 
sium are  deposited,  and  the  lithium  chloride  is  dehydrated  and  taken 
into  solution.  At  this  stage  of  the  proceeding  the  liquid  is  cooled,  a 
drop  or  two  of  strong  hydrochloric  acid  being  added  to  reconvert  traces 
of  lithium  hydrate  possibly  in  the  deposit,  and  the  boiling  is  continued 
until  the  alcohol  is  again  free  from  water.  If  the  amount  of  lithium 
chloride  present  in  the  mixture  of  salts  is  small  it  is  now  found  in  solu- 
tion ;  the  chlorides  of  sodium  and  potassium,  excepting  the  traces  for 
which  correction  will  be  made  subsequently,  are  in  the  residue ;  and 
the  separation  may  be  effected  by  filtration  and  the  washing  of  the  res- 
idue with  amyl  alcohol  previously  dehydrated  by  boiling.  If,  on  the 
other  hand,  the  weight  of  lithium  chloride  present  exceeds  ten  or  twenty 
milligrams  it  is  advisable,  though  not  absolutely  essential  to  the  attain- 
ment of  fairly  correct  results,  to  decant  the  liquid  from  the  deposit, 
wash  the  latter  with  a  little  anhydrous  amyl  alcohol,  dissolve  in  a  few 
drops  of  water,  and  repeat  the  separation  by  boiling  in  amyl  alcohol. 

The  filtrates,  first  measured  apart,  are  united  with  the  washings 
and  evaporated  to  dryness,  and  the  residue,  treated  with  sulphuric 
acid  in  excess,  ignited  gently  at  first  and  finally  to  the  fusing  point,  is 
weighed  as  the  neutral  lithium  sulphate,  containing  traces  of  the  neu- 
tral sulphates  of  sodium  and  potassium.  From  the  weight  thus  found 
the  subtraction  of  0.00109  g.  for  every  10  cm^  of  filtrate  exclusive  of 
washings  makes  the  proper  correction  for  the  amounts  of  the  sodium 
and  potassium  salts  present,  and  the  residual  weight  represents  the 
pure  lithium  sulphate.  In  cases  T^ere  the  precipitate  consists  solely 
of  sodium  chloride,  the  correction  upon  the  weight  of  the  sulphate  is 
0.00050  g.j  when  potassium  chloride  constitutes  the  residue  the  cor- 
rection amounts  to  0.00059  g.  for  every  10  cm^  of  filtrate.  The  alco- 
hol used  in  washing  has,  within  reasonable  limits,  no  appreciable  solv- 
ent effect  upon  the  precipitate. 

The  precipitate,  consisting  entirely  of  sodium  chloride  and  potassium 
chloride^  is  ready  for  the  balance  after  drying  a  few  minutes  directly 
over  a  flame  turned  low,  if  the  filtration  is  effected  by  means  of  asbestos 
in  the  perforated  crucible ;  if  paper  is  used  as  the  filtering  medium, 
after  the  solution  of  the  precipitate,  the  evaporation  of  the  solution  and 
the  gentle  ignition  of  the  residue.  The  weight  of  the  insoluble  chlo- 
rides actually  obtained  is  corrected  for  the  solubility  of  the  salts  in 
amyl  alcohol  by  adding  0.00092  g.  for  every  10  cm^  of  amyl  alcohol 
in  the  filtrates,  exclusive  of  washings ;  0.00011  g.  of  this  represent- 
ing the  sodium  chloride  dissolved,  and  0.00051  g.  the  potassium  chlo- 
ride. With  due  attention  to  the  reduction  of  volume  of  the  residual 
alcohol  before  filtering  the  correction  may  bo  held  easily  within  nar- 
row limits. 
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In  applying  this  method  to  the  analj^sis  of  the  waters  of  the  Yellow- 
stone Park  the  practice  of  reducing  the  volume  of  amyl  alcohol  to  about 
15  cm^  before  filtering  was  followed  uniformly.  The  corrections,  there- 
fore, were  always  the  same,  and  amounted  to  an  addition  of  0.0007  g. 
to  the  apparent  weight  of  sodium  chloride,  0.0008  g.  to  that  of  po- 
tassium chloride,  and  a  subtraction  of  0.0017  g.  from  the  weight  of 
lithium  sulphate  indicated  by  the  balance.  In  many  cases  the  lithium 
present  in  the  waters,  though  capable  of  detection  by  the  spectroscope, 
amounted  to  so  little  in  the  portions  devoted  to  its  determination  that 
the  application  of  the  correction  left  nothing  to  be  called  lithium  sul- 
phate.   In  such  cases  the  lithium  is  counted  as  a  "  trace.'' 

From  the  mixture  of  sodium  chloride  and  potassium  chloride  the  po- 
tassium salt  was  separated  as  potassio-platinic  chloride.  The  chlorides 
were  dissolved  in  a  small  amount  of  water,  platiuic  chloride  was  added  in 
solution,  in  quantity  considerably  in  excess  of  the  amount  necessary  to 
effect  the  conversion  of  all  the  potassium  and  sodium  present  to  the 
double  platinum  salts,  and  the  mixture  evaporated  on  the  water  bath  to 
the  point  at  which  the  residue  becomes  pasty  if  removed  from  the  bath 
and  allowed  to  cool.  The  crust  thus  formed  was  drenched  with  alco- 
hol of  80  per  cent.,  digested  in  the  cold  until  thoroughly  disintegrated, 
filtered  off'  on  an  asbestos  felt,  washed  with  alcohol  of  95  per  cent.,  dried 
at  a  gentle  heat,  and  weighed. 

The  lithium  and  potassium  having  been  thus  found  directly,  the  sodium 
is  given,  in  the  form  of  the  chloride,  by  the  diff'ereuce  between  the  sum  of 
the  lithium  and  potassium  chlorides  and  the  total  weight  of  the  three 
chlorides ;  or,  by  the  difference  between  the  weight  of  potassium  chloride 
found  and  the  weight  of  the  chlorides  of  potassium  and  sodium  found 
(the  proper  correction  having  been  applied)  after  the  separation  of  the 
lithium.  It  ma}'  be  urged  against  the  former  plan  that  to  bring  the 
three  chlorides  to  a  definite  condition  for  weighing  is  a  difficult  under- 
taking in  view  of  the  great  tendency  of  lithium  chloride  to  exchange 
chlorine  for  oxygen  in  the  presence  of  water.  Our  experiments  indi- 
cated, however,  that  under  repeated  treatments  by  moistening  and  ig- 
nition the  mixed  chlorides  did  not  change  in  weight  materially,  and  we 
are  disposed  to  attribute  the  result  in  part  to  the  protective  influence 
of  the  sodium  and  potassium  salts  upon  the  relatively  small  amount  of 
lithium  chloride,  and  in  part  to  the  care  taken  to  secure  thorough  drying 
at  alow  temperature  previous  to  the  gentle  ignition.  In  our  work  upon 
the  waters  we  weighed  the  three  chlorides  together  and  found  the  so- 
dium chloride  by  deducting  from  this  weight  the  weights  of  potassium 
chloride  and  lithium  chloride  deduced  by  analysis. 

A  weak  i)oint  in  the  process  which  we  have  employed  in  the  determi. 
nation  of  the  alkalies  would  seem  to  be  found  in  the  separation  of  the 
magnesia  by  means  of  barium  hydrate.  In  connection  with  this  sub- 
ject it  is  of  interest  to  note  that  in  the  greater  number  of  waters  mag- 
nesia was  present  only  in  inconsiderable  quantity,  and  further,  that  in 
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the  case  of  those  iu  which  it  did  appear  iu  appreciable  amounts  the 
examination  of  the  solution  of  the  lithium  sulphate,  after  the  separa- 
tion by  amyl  alcohol,  failed  to  indicate  the  presence  of  magnesia  in 
amount  sufficient  to  be  precipitable  by  microcosmic  salt  in  an  ammoni- 
acal  solution  and  under  the  usual  conditions  of  the  test,  though  this 
would  be  the  place  in  which  magnesia  should  appear  if  it  had  escaped 
removal  from  the  chlorides.  We  are  constrained  to  believe,  therefore, 
that  the  process  of  separation  which  we  adopted  was  exact  within  rea- 
sonable limits. 

Ammonia  and  albuminoid  ammonia. — The  determination  of  ammonia 
was  effected  in  the  usual  manner  by  distilling  a  measured  portion  of 
water  with  sodium  hydrate,  and  nessleriziug  the  distillate.  A  second 
portion  of  water  w^as  distilled  with  sodium  hydrate  and  potassium  per- 
manganate, and  the  distillate  was  nesslerized.  The  former  process 
gives  the  combined  ammonia  present  in  the  water;  the  latter  the  total 
ammonia,  which  includes,  beside  the  ammonia  existing  as  such  in  com- 
bination, that  ammonia  which  is  developed  from  other  nitrogenous  com- 
pounds by  the  action  of  the  i)erraanganate.  Thedifference  between  the 
figures  of  the  two  processes  is  the  albuminoid  ammonia,  so  called.  The 
composition  of  these  waters  renders  them  peculiarly  liable  to  boil  ex- 
plosively, and  some  difficulty  was  experienced  at  first  in  the  distillation ; 
but  the  apparatus  which  is  described  in  the  paragraph  on  the  determi- 
nation of  the  boric  acid  proved  to  be  of  service  in  this  case  also,  and 
made  the  determination  practicable.  The  Nessler  solution  was  very 
delicately  adjusted,  and  the  tests  were  made  in  small  tubes  and  car- 
ried to  the  limit  of  0.000001  g. 

TREATMENT  OF  CONCENTRATED  WATERS. 

In  the  examination  of  the  concentrated  waters  the  whole  sample  was 
evaporated  to  dryness,  and  the  residue  thus  left  was  extracted  with  hot 
water.  It  is  usual  in  treating  concentrated  waters  to  add  sodium  car- 
bonate during  the  evaporation,  and  to  wash  the  residue  until  the  wash- 
ings cease  to  show  an  alkaline  reaction.  Four  of  the  waters  of  which  we 
had  concentrated  samples  were,  however,  so  alkaline  of  themselves  that 
the  addition  of  sodium  carbonate  was  superfluous,  and  all  were  so  sili- 
ceous that  to  wash  the  residue  of  evaporation  until  it  was  free  from 
alkali  was  a  matter  of  the  greatest  tediousness  and  difficulty.  We 
found  it  best  and  sufficient  to  wash  only  to  the  vanishing  point  of  the 
spectroscopic  reaction  for  lithium  in  the  washings.  In  this  manner  the 
separation  of  the  greater  part  of  the  silica  with  the  insoluble  constitu- 
ents of  the  water  was  effected  without  an  entirely  unreasonable  expen- 
diture of  time  and  effort.  The  filtrate  and  washings  were  thoroughly 
mixed  and  made  up  to  a  definite  weight.  The  residue  was  kept  by 
itself  for  separate  treatment. 

The  filtrate  should  contain  the  bromine,  iodine,  boron,  arsenic,  an- 
timony ;  the  copper^  lead  and  tin,  which  can  be  present  in  the  waters 
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only  in  traces;  the  litbinm,  caesium,  rubidium,  thallium,  and  part  of  the 
silicon  and  aluminum.  The  precipitate  should  contain  the  titanium, 
phosphorus,  fluorine,  iron,  manganese,  barium,  strontium,  calcium, 
magnesium,  with  the  remainder  of  the  aluminum  and  silicon. 

STRENGTH  OF  THE  CONCENTRATED  WATERS. 

The  degree  to  which  the  concentration  of  the  waters  had  been  carried 
in  the  field  was  fixed  by  the  determination  of  the  total  amount  of  halo- 
gens in  a  weighed  i)ortion  of  the  extraction  of  the  residue  of  evapora- 
tion. This  portion  was  diluted,  acidified  with  nitric  acid,  treated  with 
silver  nitrate  until  the  precipitate  ceased  to  form,  and  the  last  was  col- 
lected on  asbestos  in  a  perforated  crucible,  dried  (over  the  free  flame  of 
a  Bunsen  burner  turned  low)  at  a  temperature  considerably  below  its 
melting  point,  and  weighed.  Determinations  of  this  sort  were  made  in 
duplicate.  Knowing  the  weight  of  the  silver  salt  thus  found  and  the 
weight  of  the  same  jjrecipitable  from  a  known  weight  of  the  natural 
water,  the  exact  value  of  the  concentrated  water,  in  terms  of  the  nat- 
ural water  which  it  represented,  became  known. 

TREATMENT  OF  THE  RESIDUE. 

Fluorine. — The  residue,  dried  by  gentle  heating,  with  the  ash  of  the 
filter  employed  in  separating  and  washing  it,  was  placed  in  a  retort  of 
the  pattern  described  in  the  section  treating  of  the  determination  of 
boric  acid  in  the  natural  water,  drenched  with  strong  sulphuric  acid, 
and  heated  to  150^  0.,  while  a  slow  current  of  dry  air  was  forced  through 
the  emulsion  and  thence  directly"  into  a  U  tube  partly  filled  with  dilute 
am'monia.  The  fluorine  contained  in  the  water  should  appear  in  the 
residue  as  calcium  fluoride,  should  be  volatilized  as  silicon  fluoride  by 
the  action  of  the  sulphuric  acid,  and,  if  present  in  more  than  very  small 
amounts,  should  be  indicated  by  the  i)recipitation  of  silica  in  the  U  tube 
containing  ammonia.  Proceeding  in  this  manner  we  found  in  the  waters 
which  we  examined  no  fluorine;  and  on  treating  the  ammoniacal  liquid 
of  the  U  tube  according  to  the  method  of  Berzelius,  with  zinc  oxide 
dissolved  in  ammonia,  evaporating  until  the  solution  ceased  to  evolve 
ammonia,  filtering,  adding  to  the  filtrate  calcium  chloride  followed  by 
sodium  carbonate,  boiling,  igniting  the  precipitate  and  extracting  it  with 
acetic  acid,  we  were  not  able  to  detect  a  residue  of  calcium  fluoride; 
nor  in  the  zinc  oxide  precipitated  by  the  expulsion  of  the  ammonia  dis- 
solving it  could  we  discover  silica. 

Barium  and  strontium. — The  contents  of  the  retort  were  transferred 
to  xflatinum,  treated  with  hydrofluoric  acid  (purified  by  redistillation; 
in  sufficient  amount  to  volatilize  all  silica,  and  evaporated  to  dryness 
with  a  little  sulphuric  acid.  To  insure  thoroughness  of  action  this  proc- 
ess of  treatment  was  repeated.  The  residue  was  fused  with  sodium  car- 
bonate and  the  melt  was  extracted  with  hot  water  containing  a  few  drops 
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of  alcoliol.  The  precipitate  was  separated  from  the  solution  by  filtra- 
tion and  digested  with  hot  dilute  acetic  acid,  which  should  dissolve  the 
barium,  strontium,  calcium,  and  magnesium  carbonates.  The  solution 
in  acetic  acid,  separated  by  filtration  from  the  portion  unacted  upon, 
was  nearly  neutralized  with  ammonia,  and  to  it  was  added  in  solution 
an  amount  of  ammonium  sulphate  equal  to  fifty  times  tlie  weight  of  the 
alkaline  earths  present,  the  whole  being  permitted  to  stand  quietly 
twelve  hours.  By  this  treatment  barium  and  strontium  should  be 
precipitated  as  sulphates,  while  calcium  and  magnesium  should  re- 
main dissolved.  The  sulphates  of  barium  and  strontium  may  be  sepa- 
rated afterward  by  digestion  during  twelve  hours  (at  the  ordinary  tem- 
perature and  with  frequent  stirring)  in  ammonium  carbonate,  the  dc- 
cantation  of  the  supernatant  liquid,  the  repetition  of  the  treatment 
with  ammonium  carbonate,  and,  finally,  the  action  of  hydrochloric  acid 
upon  the  residue — the  stroiitium  carbonate  dissolving  and  the  barium 
sulphate  remaining  insoluble  in  this  acid.  This  mode  of  separating  the 
barium  and  strontium  was  not  actually  applied  in  our  work,  inasmuch 
as  we  obtained  from  the  quantities  of  water  with  which  we  had  to  deal 
no  precipitate  by  ammonium  sulphate,  and  it  is  mentioned  only  for  the 
purpose  of  completing  the  scheme  of  analysis. 

The  solution  which  had  been  treated  with  ammonium  sulphate  to 
precipitate  barium  and  strontium  was  preserved  for  subsequent  exami- 
nation for  manganese. 

Phosphoric  acid. — The  extract  of  the  fusion  in  sodium  carbonate  was 
acidified  with  nitric  acid,  evaporated  to  small  bulk,  and  from  it  the 
phosphoric  acid  was  precipitated  in  the  usual  manner  as  a  phospho- 
molybdate  of  ammonia.  The  precipitate,  after  standing  twelve  hours, 
was  separated  by  filtration  through  a  felt  of  asbestos  in  a  perforated 
crucible,  washed  with  the  precipitant,  and  dissolved  in  ammonia.  From 
this  solution  the  phosphoric  acid  was  precipitated  by  the  magnesium  and 
ammonium  chloride  mixture,  and  the  ammonio-magnesium  phosphate 
was  filtered  off  on  asbestos,  washed  with  dilute  ammonia  (one  part  of 
ammonia  to  three  of  water),  moistened  with  ammonium  nitrate  in  am- 
monia, dried,  ignited  at  a  red  heat,  and  weighed  as  magnesium  pyro- 
phosphate. 

Manganese. — The  residue  left,  after  the  extraction  of  the  fusion  in  the 
sodium  carbonate  with  water  containing  a  little  alcohol  and  the  treat- 
ment with  acetic  acid,  was  fused  again  in  a  little  sodium  carbonate,  the 
melt  was  dissolved  in  the  crucible  by  heating  with  strong  sulphuric  acid, 
and  this  solution  was  poured  into  cold  water.  In  this  manner  was  Ob- 
tained a  solution  containing  the  titanium  and  iron,  and  a  part  of  the 
aluminum  and  manganese.  From  it  all  these  elements,  excepting  the 
last,  were  precipitated  by  adding  ammonia  to  an  alkaline  reaction  fol- 
lowed by  acetic  acid  to  faint  aciditj^,  and  boiling.  The  precipitate  was 
kept  for  examination  later.  The  solution  was  mixed  with  that  which 
had  been  treated  with  ammonium  sulphate  in  the  test  for  barium  and 
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strontium,  and  to  the  mixture,  lieated  on  the  water  bath,  were  added 
ammonia  in  excess  and  bromine  water.  The  precipitate  thus  obtained 
was  ignited  and  weighed  as  Mn304,  it  being  so  trifling  that  solution  and 
reprecipitation  as  the  phosphate  was  unnecessary. 

Iron. — The  precipitate  of  ferric,  titanic  and  aluminic  hydrates  was 
fused  in  a  little  sodium  carbonate,  the  fusion  was  dissolved  in  strong 
sulphuric  acid,  this  solution  poured  into  cold  water,  and  the  dissolved 
iron,  titanium,  and  aluminum  were  separated  as  follows,  by  a  process 
devised  by  one  of  us  and  described  fully  elsewhere.^  Tartaric  acid, 
amouutiug  to  three  times  the  weight  of  the  oxides  of  iron,  aluminum, 
and  titanium  present,  was  added  to  the  solution,  which  was  then  made 
faintly  ammoniacal  and  submitted  to  the  action  of  a  current  of  hydrogen 
sulphide.  The  precipitated  ferrous  sulphide  was  filtered  off  (care  hav- 
ing been  taken  that  the  solution  should  still  be  alkaline  before  filter- 
ing), washed  with  hot  water  sufficiently  but  expeditiously,  dissolved  in 
hydrochloric  acid,  and  the  iron,  first  oxidized  by  bromine,  was  precii^i- 
tated  by  ammonia  and  weighed  as  the  oxide. 

Titanic  acid. — The  filtrate  from  the  ferrous  sulphide  was  acidified 
strongly  with  sulphuric  acid,  heated  to  the  boiling  point,  and  treated 
with  potassium  permanganate  until  its  characteristic  color  appeared. 
The  final  products  of  the  action  of  the  permanganate  upon  the  tartaric 
acid  are  carbonic  acid  and  water,  but  formic  acid  appears  as  an  inter- 
mediary step  in  the  oxidation.  During  the  first  action  of  the  perman- 
ganate its  conversion  to  manganous  sulphate  is  rapid,  but  with  the 
development  of  formic  acid  there  takes  place  by  its  action  upon  the  per- 
manganate freshly  added  a  precipitation  of  a  brown  hydrate  of  manga- 
nese which,  redissolving  readily  so  long  as  tartaric  acid  remains,  yields 
only  slowly  to  the  further  action  of  the  formic  acid.  When,  therefore, 
manganic  hydrate  appears  abundantly  in  the  boiling  solution  and  does 
not  dissolve  perceptibly  one  may  be  reasonably  certain  that  the  con- 
version of  the  tartaric  acid  to  at  least  the  intermediary  stage  has  been 
accomplished  ;  but  for  the  sake  of  greater  security,  the  addition  of  the 
permanganate  may  be  continued  until  the  appearance  of  its  color. 
When  the  amount  of  tartaric  acid  in  the  solution  is  known,  as  should 
be  the  case  always,  a  simple  mode  of  proceeding  is,  perhaps,  to  employ 
for  the  oxidation  the  amount  of  permanganate  theoretically  required. 
A  weig^?t  of  potassium  permanganate  amounting  to  6W0  and  a  half 
times  the  weight  of  the  tartaric  acid  to  be  destroyed  is  sufficient  to 
carry  the  oxidation  to  the  ultimate  limit,  providing  there  be  no  deposi- 
tion of  a  manganic  hydrate. 

The  residual  permanganate  and  the  insoluble  hydrate  were  reduced 
and  dissolved  by  the  addition  of  a  little  ammonium  bisulphite  to  the 
acid  solution,  and,  the  excess  of  sulphurous  acid  having  been  boiled  off, 
acetic  acid  was  added  to  the  clear  solution  in  quantity  sufficient  to  make 

iBiiUetia  of  the  U.  S.  Geological  Survey,  No.  27,  p.  16;  Am.  Cheui.  Jour.,  vol.  7, 
1885-'86,  p.  283. 
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the  amount  of  the  absolute  acetic  acid  present  from  7  to  11  per  cent,  by 
volume  'j  enough  sodium  acetate  was  introduced  to  fix  all  the  sulphuric 
acid  as  sodium  sulphate,  and  the  solution  was  boiled.  If  titanium  is 
present  it  is  precipitated  under  these  conditions,  while  the  aluminum  re- 
mains dissolved.  If  the  quantity  of  the  precipitate  thus  obtained  is 
considerable,  it  should  be  filtered  from  the  liquid  in  which  it  floats  and 
purified  from  the  traces  of  manganese  which  it  may  carry,  by  fusion  in 
a  small  quantity  of  sodium  carbonate,  the  solution  of  the  melt  in  sul- 
phuric acid,  and  reprecipitation  by  ammonia. 

In  the  waters  which  wo  examined  we  found  no  precipitate  of  titanic 
hydrate  at  the  point  in  the  process  where  it  should  appear  were  tita- 
nium present. 

TREATMENT  OF  THE  AQUEOUS  SOLUTION. 

The  aqueous  solution,  its  degree  of  concentration  having  been  deter- 
mined in  the  manner  already  described,  was  divided  into  five  iDortions. 
Two  of  these  were  taken  for  the  determination  of  bromine,  iodine, 
lithium,  caesium,  rubidium,  and  thallium,  in  duplicate;  two  for  the  de- 
termination in  duplicate  of  arsenic,  antimony,  tin,  copper,  lead,  and 
boron ;  and  the  remaining  portion  was  reserved  to  be  used  in  an  emer- 
gency. 

Iodine  and  bromine. — The  portion  for  the  determination  of  the  ele- 
ments of  the  former  group  was  weighed  and  evaporated  to  a  pasty  con- 
dition. The  residue  was  thoroughly  extracted  with  strong  alcohol, 
treated  with  water  reduced  again  nearly  to  dryness,  and  again  extracted 
Avith  alcohol.  The  extract  was  evaporated  after  the  addition  of  a  drop 
or  two  of  a  strong  solution  of  sodium  hydrate,  and  this  residue  was  ex- 
tracted with  alcohol  like  the  former  residue.  The  residues  of  the  extrac- 
tions with  alcohol  were  kept  for  subsequent  treatment.  The  alcoholic  so- 
lution containing  presumably  all  the  iodine  and  bromine,  with  a  small 
proportion  of  the  chlorine  originally  in  the  water,  was  evaporated  to  dry- 
ness, and  the  solution  of  the  residue  in  water  was  acidulated  with  sul- 
phuric acid  mixed  with  a  solution  of  ferric  sulphate  introduced  into  a 
retort  of  the  pattern  previously  described  and  figured  in  connection 
with  the  determination  of  boric  acid  in  the  natural  waters,  and  distilled. 
The  distillate  was  collected  in  a  U  tube  attached  to  the  condensing  tube 
and  sealed  with  carbon  disulphide  and  water.  If  iodides  are  present  in 
the  retort  to  the  minutest  degree  the  iodine  is  set  free  as  such,  its  char- 
acteristic color  appears  in  the  seal  of  carbon  disulphide,  and  its  amount 
may  be  determined  by  titration  in  the  usual  manner  with  sodium  hypo- 
sulphite. 

lu  the  waters  which  we  examined  iodine  was  not  present  in  sufficient 
quantity  to  appear  in  the  test  of  the  amounts  at  our  disposal. 

To  the  liquid  remaining  in  the  retort  after  the  distillation  had  been 
prolonged  sufficiently  to  insure  the  complete  volatilization  of  the  iodine 
a  few  cr;7stal3  of  potassium  permanganate  were  added,  aud  the  distilla' 
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tion  was  continued.  This  distillate  was  collected  as  before  in  a  U  tube 
joined  to  the  condenser,  but  the  seal  was  made  with  chloroform  and 
water.  At  the  beginning  of  the  operation  the  seal  of  the  U  tube  showed 
in  most  cases  the  characteristic  color  of  bromine,  but  this  was  dis- 
charged before  the  end  of  the  operation  by  the  excess  of  chlorine  and 
replaced  by  the  color  of  the  latter.  The  contents  of  the  U  tube  were 
transferred  to  a  beaker  and  treated  with  pure  sodium  hydrate  and  zinc, 
and  from  the  solution  of  sodium  bromide  and  chloride  thus  obtained 
the  silver  salts  were  precipitated  by  silver  nitrate,  in  the  usual  manner, 
after  acidifying  with  nitric  acid.  The  silver  bromide  and  chloride  thus 
precipitated  were  collected  together  upon  asbestos  in  a  perforated  cru- 
cible, dried,  weighed,  and  dissolved  in  potassium  cyanide.  From  the 
cyanide  solution  the  silv^er  was  deposited  by  electrolysis,  accordin^j  to 
the  process  described  elsewhere  by  one  of  us  for  the  indirect  estimation 
of  bromine  in  the  presence  of  chlorine.^  In  this  manner  we  obtained 
the  weight  of  the  mixture  of  silver  chloride  and  silver  bromide,  and  the 
weight  of  the  silver  contained  in  the  mixture.  The  amounts  of  bromine 
and  chlorine  in  the  mixed  salts  were  determined  from  these  data  by  the 
solution  of  a  simple  algebraical  equation. 

Lithium. — The  contents  of  the  retort  after  the  distillation  of  the  bro- 
mine were  united  with  the  residues  of  the  extractions  by  alcohol,  the 
excess  of  sulphuric  acid  was  volatilized,  the  residue  dissolved  in  hydro- 
chloric acid,  the  sulphates  converted  to  chlorides  by  means  of  barium 
chloride,  the  baric  sulphate  thus  formed  separated  by  filtration,  alumina, 
silica,  and  barium  carbonate  precipitated  by  ammonium  carbonate  and 
separated  by  filtration,  and  the  solution  evaporated  to  dryness.  The 
residue  was  gently  ignited  to  remove  ammonium  chloride,  dissolved  in 
water  acidulated  with  hydrochloric  acid,  and  this  solution,  concen- 
trated until  just  ready  to  deposit,  was  drenched  with  strong  alcohol. 
The  sodium  chloride  precipitated  was  washed  with  alcohol  until  the 
spectroscope  indicated  entire  freedom  from  lithium  chloride.  The  al- 
coholic solution  of  lithium  chloride  was  evaporated  to  dryness,  and  the 
residue  was  dissolved  in  a  little  water  acidulated  with  hydrochloric 
acid.  This  solution  was  treated  with  a  little  pure  barium  hydrate 
(made  from  the  nitrate  precipitated  from  nitric  acid)  to  remove  traces 
of  magnesia,  and  filtered,  and  from  the  filtrate  the  barium  was  removed 
by  treatment  with  ammonium  carbonate,  repeated  if  necessary.  From 
the  solution  of  lithium  chloride  thus  obtained  the  lithium  was  separated 
according  to  Mayer's  method^  by  evaporation  with  hydro-disodic  phos- 
phate and  sodium  hydrate,  the  treatment  of  the  residue  with  sufficient 
hot  water  to  dissolve  the  salts,  which  should  be  soluble  with  the  aid  of 
gentle  heat,  the  addition  of  an  equal  volume  of  ammonia,  and  digestion 

^BuUetia  of  the  U.  S.  Geological  Survey,  No.  42,  p.  89;  Am.  Chem.  Jour.,  vol.  8,  p. 
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ill  the  cold  duriDg  twelve  hours.  The  precipitate  was  filtered  upon  as- 
bestos in  a  perforated  crucible,  washed  with  a  mixture  of  equal  parts 
of  ammonia  and  water,  ignited,  and  weighed.  The  filtrate  from  this 
precipitate  was  evaporated,  and  the  residue  of  evaporation  was  again 
treated  as  before  to  recover  traces  of  lithium  5  and  a  similar  process  of 
treatment  was  api)lied  to  the  filtrate  from  the  second  precipitate.  The 
three  precipitates  thus  obtained  contained  presumably  all  the  lithium 
as  the  tribasic  phosphate. 

This  is  the  method  of  determining  lithium  which  was  employed  pre- 
vious to  the  development  of  the  process  which  has  been  described  in 
connection  with  the  account  of  the  determination  of  lithium  in  the  nat- 
ural waters  (p.  22).  Were  the  work  to  be  repeated  w^e  should  unques- 
tionably employ  the  amyl  alcohol  process  exclusively,  although  it  may 
be  said  for  the  determinations  by  Mayer's  method  that  their  actual  error 
w^as  very  much  diminished  by  the  use  of  comparatively  larger  portions 
of  material  for  the  analysis,  and  we  are  confident  that  the  results  are, 
on  that  account,  fairly  trustworthy. 

Ccesium^  rxtbidium,  and  thallium. — The  filtrate  from  lithium  phosphate 
was  freed  from  ammonia  by  boiling  5  the  phosphoric  acid  was  precipi- 
tated by  ferric  chloride  and  ammonia,  with  the  usual  i^recautions  to 
secure  a  suitable  proportion  of  the  iron  salt  and  to  keep  the  excess  of 
ammonia  at  the  lowest  i)ossible  limit,  and  removed  by  filtration ;  the 
filtrate  from  ferric  i)hosphate  and  ferric  hydrate  was  evaporated  to  dry- 
ness and  gently  ignited  to  remove  ammonium  salts;  the  residue  thus 
left  was  dissolved  in  water  and  treated  with  platinic  chloride  in  excess 
of  the  amount  necessary  to  convert  all  the  alkaline  chlorides  present 
to  platinum  salts. 

The  precipitate  by  platinic  chloride  was  extracted  by  boiling  re- 
peatedly with  small  portions  of  water,  and  the  residues  of  this  treat- 
ment were  tested  from  time  to  time  spectroscopically.  The  character- 
istic lines  of  caesium  and  rubidium  appeared  more  distinctly  toward 
the  end  of  the  process  of  extraction  when  they  were  visible  at  all. 
Thallium,  which  should  appear,  if  present,  in  the  intermediate  extracts, 
failed  to  show  itself  in  any  of  the  waters. 

Arsenic^  antimony,  tin,  copper,  and  lead. — The  weighed  portion  of  the 
concentrated  solution  was  acidified  with  hydrochloric  acid,  heated  to 
TOO  0.,  and  submitted  to  the  action  of  a  current  of  hydrogen  sulphide 
during  several  hours.  The  precipitated  sulphide  was  filtered  off  upon 
anthracene  in  a  perforated  crucible,  following  the  method  described  by 
one  of  us.^  The  crucible  with  the  adherent  filter  of  anthracene  and  the 
precipitate  were  placed  in  a  small  beaker,  drenched  with  benzol,  and 
gently  warmed  until  the  anthracene  dissolved.  Water  containing  so- 
dium hydrate  was  added  and,  after  sufiacieut  digestion  on  the  water- 
bath,  the  liquid  and  precipitate  were  transferred  to  a  paper  filter,  pre- 

1  Bulletin  of  the  U.  S.  Geological  Survey,  No.  42,  p.  86;  Am.  Chem.  Jour.,  vol,  7, 
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viously  moistened  with  water.  lu  this  Dianner  the  aqueous  solution, 
carrying  the  arsenic,  antimony,  and  tin,  if  present,  was  permitted  to 
traverse  the  filter,  while  the  sulphides  of  copper  and  lead,  with  possibly 
free  sulphur,  remained  with  the  benzol  upon  the  filter.  After  thorough 
washing  with  water  the  receptacle  for  the  filtrate  was  changed,  the 
filter  was  moistened  with  alcohol,  and  thus  the  benzol,  with  the  anthra- 
cene in  solution,  was  induced  to  pass  through  the  paper,  which,  with 
the  residue  upon  it  was  washed  with  benzol  followed  by  alcohol  and 
then  by  water.  The  filter  was  carefully  incinerated,  and  the  ash 
digested  with  a  few  drops  of  nitric  acid.  The  solution  thus  obtained 
was  evaporated  to  dryness,  the  residue  was  moistened  with  hydro- 
chloric acid,  and,  after  the  volatilization  of  the  most  of  the  acid,  dis- 
solved in  hot  water.  From  this  solution  hydrogen  sulphide  should  pre- 
cipitate copper  and  lead  as  sulphides.  In  the  single  case  of  that  water 
which  had  been  concentrated  in  porcelain  no  black  sulphide  was  ob- 
tained at  this  point  in  the  operation  j  in  other  cases,  a  trifling  black 
precipitate  fell,  which  subsequent  examination  proved  to  be  copper 
sulphide  exclusively,  doubtless  originating  in  the  concentrating  vessel. 

The  second  precipitation  with  hydrogen  suljihide  was  introduced  to 
test  the  presence  of  copper  and  lead,  in  the  process  just  outlined,  be- 
cause the  residue  left  upon  the  filter  when  the  benzol  is  washed  from  it 
is  apt  to  be  dark  in  color,  even  in  the  absence  of  black  sulphides. 

The  alkaline  filtrate  from  the  benzol  and  the  insoluble  residue  were 
acidified  with  hydrochloric  acid,  after  the  addition  of  a  drop  or  two  of 
ammonium  sulphide  j  the  precipitate  was  filtered  oli'  on  asbestos  in  a 
perforated  crucible;  the  filter  and  precipitate  were  dried  and  treated 
in  a  small  beaker  with  fuming  nitric  acid ;  the  solution  in  nitric  acid 
was  evaporated  to  dryness,  the  residue  was  dissolved  in  hydrochloric 
acid,  and  from  this  solution,  made  strongly  alkaline  with  ammonia  con- 
taining some  ammonium  sulphide  (the  last  to  keep  tin,  if  present,  in 
solution),  but  kept  small  in  volume,  the  arsenic  was  precipitated  by  the 
magnesium  chloride  mixture.  The  liquid  was  briskly  stirred  and  then 
allowed  to  stand  quietly  for  twelve  hours  at  least.  The  precipitate  was 
transferred  by  means  of  the  mother  liquor,  without  the  use  of  other 
liquid,  to  a  perforated  crucible  carrying  an  asbestos  felt,  washed  with  a 
mixture  of  one  part  of  ammonia  to  three  of  water,  dried  carefully,  ig- 
nited in  an  atmosphere  of  oxygen,  and  weighed  as  magnesium  pyro- 
arsenate. 

The  filtrate  from  the  ammonio-magnesium  arsenate,  which  should 
contain  the  antimony  and  tin  of  the  water,  was  evaporated  to  remove 
the  great  excess  of  the  ammonia,  and  acidified  with  hydrochloric  acid. 
The  sulphur  thus  precipitated  should  carry  with  it  the  antimony  and 
tin  as  sulphides.  In  no  case  were  we  able  to  detect  antimony  in  this 
precipitate.  In  one  or  two  cases  there  were  evidences  of  the  presence 
of  tin,  but  this  doubtless  came  from  the  lining  of  the  vessel  in  which 
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concentration  was  effected ;  in  the  water  which  was  concentrated  in  por- 
celain no  tin  was  found. 

Boric  acid. — The  filtrate  from  the  original  precipitate  by  hj'drogen  sul- 
phide in  the  acid  solution  was  warmed  gently,  submitted  to  the  action 
of  a  current  of  air  to  blow  out  the  excess  of  hydrogen  sulphide,  brought 
nearly  to  neutrality  by  the  addition  of  sodium  carbonate,  made  faintly 
alkaline  with  ammonia,  filtered  from  the  precipitate  thus  thrown  down, 
and  evaporated  nearly  to  dryness  after  the  addition  of  enough  sodium 
hydrate  to  expel  the  ammonia  and  yet  preserve  strong  alkalinity.  The 
residue  was  acidified  with  hydrochloric  acid  and  extracted  thoroughly 
with  alcohol,  and  the  alcoholic  solution  was  made  alkaline  with  sodium 
hydrate  and  evaporated  to  dryness.  This  residue  was  dissolved  in 
water,  just  acidified  with  hydrochloric  acid,  and  from  the  solution  the 
last  traces  of  silica,  alumina,  lime,  and  phosphoric  acid  were  removed 
by  the  action  of  ammonia  and  ammonium  carbonate,  and  filtration.  In 
the  filtrate  the  boric  acid  was  determined  according  to  Marignac's  pro- 
cess, by  treatment  with  magnesium  chloride,  ammonium  chloride,  and 
ammonia,  evaporation  to  dryness,  ignition  at  a  red  heat,  extraction 
with  boiling  water,  and  the  repetition  upon  the  extract  of  the  process 
of  evaporation,  ignition,  and  extraction.  The  residues  left  aftfer  extrac- 
tion were  together  ignited  and  weighed,  and  the  magnesia  in  the 
weighed  material  was  determined  by  precipitation  as  the  ammonio-mag- 
nesium  phosphate  and  weighing  as  the  pyrophosphate.  The  difference 
between  the  weight  of  the  residue  audits  contents  in  magnesia  is  boric 
acid. 

This  was  the  process  which  we  employed  in  the  earlier  determinations. 
The  process  which  was  develoi)ed  later,  and  applied  to  the  determina- 
tion of  boric  acid  in  the  natural  waters,  is  preferable. 

STATEMENT  OF  THE  RESULTS  OF  ANALYSIS. 

In  stating  the  facts  deduced  from  the  analysis  of  the  waters,  it  has 
seemed  best  to  adopt  the  plan  of  recording  the  oxj^gen  acids  as  anhy- 
drides, the  basic  elements  as  such,  and  the  oxygen  which  must  exist  in 
combination  with  the  bases  by  itself;  thus  avoiding  an  arbitrary  division 
of  the  basic  elements  among  the  oxygen  acids  and  halogens.  The 
basic  oxygen,  so  called,  of  the  alkaline  waters  was  found  by  computing 
the  amount  of  oxygen  which  would  exist  in  the  oxides  of  the  basic  ele- 
ments and  deducting  from  this  amount  the  weight  of  oxygen  equivalent 
to  the  halogen  discovered  by  analysis.  In  the  case  of  waters  which 
carried  such  an  excess  of  acid  that  the  halogens  maybe  supposed  to  be 
uncombined  with  bases,  the  basic  oxygen  is  the  a^sount  of  oxygen  which 
would  exist  in  the  oxides  of  the  basic  elements.  In  waters  of  such  acidity 
that  a  portion  only  of  the  halogen  may  be  supposed  to  be  in  combina- 
tion with  basic  elements  the  equivalent  in  oxygen  of  the  amount  of 
Bull.  47  3 
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halogen  which  is  regarded  as  in  combination  was  deducted  from  the 
total  amount  of  oxygen  of  the  oxides  in  computing  the  basic  oxygen. 
The  halogen  which  remains  uncombined  with  the  basic  elements  was, 
as  a  matter  of  course,  assumed  to  be  in  association  with  hydrogen. 

The  hypothetical  combination  of  the  elements  found  in  the  waters 
must  necessarily  be  largely  imaginary,  for  nothing  is  more  plainly 
evident  than  the  impossibility  of  stating  authoritatively,  in  the  present 
condition  ot  knowledge,  the  actual  division  of  a  number  of  acids  among 
a  number  of  bases  in  solution.  This  we  do  know,  that  the  combination 
is  determined  not  only  by  tlie  relative  proportions  of  all  the  constit- 
uents, but  by  the  absolute  quantities  of  all  associated  in  a  definite 
amount  of  liquid.  It  is  with  no  purpose,  therefore,  of  attempting  to 
represent  actual  conditions  of  combination,  but  only  for  the  sake  of 
securing  a  common  ground  of  comparison  among  themselves  and  with 
other  waters,  that  we  have  assumed  arbitrarily  the  existence  in  these 
waters  of  the  definite  and  simple  combinations  of  the  following 
scheme  : 

In  alkaline  waters,  bromine  has  been  combined  as  KBr;  B2O3  as 
^niB^O^;  AS2O3  as  NaAsOg ;  P2O5  as  Ka2HP04;  chlorine  has  been  as- 
signed to  the  bases  in  the  order  NH4,  Li,  K,  Na  j  SO3  has  been  linked 
with  such  bases  as  remain  in  the  order  NH4,  Li,  K,  Na,  Mg,  Ca  ;  residual 
bases  have  been  classed  as  neutral  carbonates  in  the  order  Mg,  Ca,  ^N^a ; 
residual  sodium  has  been  represented  as  NaSiOs;  aluminum  and  iron 
have  been  put  down  as  AI2O3  and  Fe203;  and  residual  CO2  and  SiOa 
have  been  shown  as  such. 

In  making  up  the  hypothetical  composition  of  acid  waters  the  same 
general  arrangement  has  been  kept  as  far  as  possible  in  order  to  secure 
ready  comparison  with  the  alkaline  waters.  Though  the  relative  avid- 
ity of  hydrochloric  acid  is  greater  at  ordinary  temperatures  than  that 
of  sulphuric  acid,  we  have  nevertheless  represented  hydrochloric  acid 
as  the  free  acid  whenever  it  became  necessary  to  represent  one  of  them 
as  free. 

The  sulphuric  acid  indicated  by  the  analysis  has  been  combined  with 
the  bases  in  the  order  Ca,  Mg,  AI2,  Fe2,  Na,  K,  Li,  the  residual  bases 
have  been  combined  with  chlorine  in  the  same  order;  the  anhydrides 
B2O3,  AS2O3,  P2O5,  SiOa,  CO2,  and  residual  SO3,  have  been  stated  as 
such ;  residual  chlorine  has  been  represented  as  HCl,  and  H2S  as  such. 

It  is  apparent  that  in  some  instances  combinations  have  been  imag- 
ined which  might  exist  under  some  of  the  circumstances  encountered, 
but  which  are  improbable  under  other  conditions  met  with  in  waters  of 
a  generally  similar  character  ;  thus,  for  the  sake  of  uniformity,  we  have 
represented  the  boric  acid  of  the  alkaline  waters  invariably  as  i5'a2B407, 
and  the  phosphoric  acid  as  Na2HP04,  regardless  of  the  variable  action 
of  an  excess  of  alkaline  carbonate  upon  these  salts  in  hot  solutions  and 
under  prolonged  digestion.  So,  also  Si02  has  been  stated  as  free, 
when,  if  so,  it  must  have  been  in  solution  in  the  presence  of  the  carbon- 
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ates  of  sodium,  maguesium,  aud  calcium ;  the  neutral  carbonates  have 
been  represented  as  suck  in  the  presence  of  free  carbonic  acid,  both  in 
hot  and  in  cold  waters ;  and  potassium  has  been  arbitrarily  associated 
with  bromine  ;  and  ammonium,  lithium,  and  potassium  have  been  pre- 
ferred to  other  bases  in  combining  the  chlorine. 

In  the  following  tables  are  given  the  direct  results  of  analysis  in 
grams  per  kilogram  of  water,  and  the  percentage  composition  of  the 
material  shown  by  the  analysis;  the  hypothetical  combination  in  grams 
per  kilogram  of  water,  and  the  percentage  composition  of  the  material 
of  the  hypothetical  combination;  the  quantity  of  water  used  in  each  de- 
termination, and  the  number  of  determinations  of  each  constituent.  In 
the  final  table  all  the  direct  results  o-f  analysis  are  summarized. 
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ANALYSES. 


CLEOPATRA  SPRING. 

(Locality,  Mammoth  Hot  Springs;  date  of  collectiou,  July  28,  1884;  temperature, 
67°  C. ;  reaction,  alkaline  ;  specific  gravity,  1.00205.) 
Sample  No.  I  was  taken  from  the  center  of  the  spring. 


Constituents. 


Grams  per  kilo 
of  water. 


Per  cent,  of  to- 
tal material 
in  solution. 


Si02  - .  -  - 
SOs  

CO2  

AssOs  . . . 

CI  

Br  

HiS  

O  (basic) 
Fo  ) 

Al  I  — 

Ca  

Mg  

K  

Na  

Li  

NH4  . . . . 


0.  0517 
0.  439.5 
0.  6287 
0.  0226 
O.O031 
0. 1749 
Trace 
Trace 
0. 19.54 

0.  0049 

0.  307G 
0.  0729 
0.0511 
0. 1299 
0. 0023 
0. 00063 

2. 08523 


2.48 
21.  08 
30. 15 
1.  08 
0.  15 
8.  Z9. 


9.37 

0.  23 

14.  75 
3.  50 
2.45 
G.  23 
0.  11 
0.  03 

100.00 


Grams  of  water 
Determina-      employed  in 
tions.     I     each  determi- 
nation. 


200 
200 

200 
500 
500 
200 
ICO 
COO 

200 

200 
200 
200 
200 
2C0 
50 


Albuminoid  ammonia  (not  in  summation)  0.00020  grams  per  kilo. 

Hi/pothetical  comb'mation. 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent.  0 1  to- 
tal material 
in  solution. 

I>rH4Cl  

0.  0019 

0.09 

LiCl  

0.0140 

0.  G7 

NaCl  

0. 1803 

9. 13 

KCl  

0. 0976 

4.68 

KBr  

Trace 

Na2S04  

0. 1448 

6.  94 

MgS04  

0..3G15 

17.  48 

CaS04  

0. 19.53 

9.37 

N"a2B407  .... 

0. 0S26 

1.56 

IfaAsOz 

0.  0041 

0.20 

CaCOs  

0. 6254 

29.99 

AI2O3  

0.  0093 

0.45 

Si02  

0.  0517 

2.48 

CO2  

0.  3537 

16.  96 

H2S  

Trace 

2. 0852 

100.  00 
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Sample  No.  2  was  taken  at  a  i)oiiit  iu  the  overflow  about  85  feet  (25 
vertically  and  GO  horizontally)  from  the  margin  of  the  basin,  for  the  pur- 
pose of  getting  some  idea  of  the  rate  at  which  the  water  near  the  source 
was  depositiug  travertioe.  The  sample  was  collected  at  the  same  time 
with  No.  1.  The  temperature  of  the  water  had  fallen  at  the  place  where 
the  sample  was  taken  to  44^  0.  The  determinations  were  not  dupli- 
cated, and  a  portion  of  150  g.  was  devoted  to  each  determination.  The 
deposit  of  calcium  carbonate,  which  was  found  in  the  sample  on  cooling 
and  standing — though  the  water  was  clear  when  it  was  bottled — was 
analyzed  separatel3^ 


! 

Constituents. 

Grams  per  kilo  of  water. 

In  the  water. 

1 

In  the  deposit,  i 

Total. 

SO3  

0.  4573 

i 

  1 

0.  4573 

CO2  

0. 3433 

0.  0433 

0.  3866 

Ca  

0. 1926 

0. 0578 

0.2504 

Mg  

0. 0786 

0.  0011 

0. 0797 

If  it  be  assumed  that  at  the  point  at  which  the  sample  was  taken, 
the  water  still  carries  the  sulphates  with  which  it  le:'t  the  source — and 
this  assumption  is  consonant  with  the  fact  that  the  travertine  deposits 
of  these  springs  carry  only  trifling  amounts  of  sulphuric  acid — the  com- 
parison of  the  analyses  of  Nos.  1  and  2  indicates  that  during  the  flow  of 
the  water,  hot,  thinly  spread,  and  thoroughly  churned,  4  per  cent,  of  it 
was  lost  by  evaporation;  and  that  every  kilogram  of  water  which  left 
the  source  and  made  this  passage  deposited  something  like  0.1G75  g.  of 
calcium  carbonate. 

Sample  No.  3  w^as  taken  as  a  preliminary  specimen  October  11,  1883. 
The  sulphuric  acid,  carbonic  acid,  and  calcium  were  alone  determined : 

Grama 
per  kilo. 

SO3   0.4254 

COo   0.5071 

Ca   0.3006 

It  will  be  noted  that  the  small  sample  of  1883  carried  about  the  same 
amount  of  lime,  a  little  less  sulphuric  acid,  and  very  much  less  carbonic 
acid  than  the  sample  of  the  year  followiug.  The  deficiency  in  carbonic 
acid  may  have  resulted  from  imperfect  sealing  of  the  bottle  in  which 
the  water  was  preserved,  and  the  lapse  of  time  before  the  analysis  was 
made. 
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ORANGE  SPRING. 

(Locality,  Mammoth  Hot  Springs  ;  date  of  collection,  October  II,  1883;  temperature, 
63°  C. ;  reaction,  alkaline.) 


Coustituents. 


SiOa  

SO3  

COj  ..... 
B2O3.... 
AssO«... 

CI  

Br  

H2S  

O  (basic) 
Fe  ? 

Ai  r--- 

Ca  

Mg  

K  

Na  

Lift  

NH4.... 


Grams  per  kilo 
of  water. 


0.  0502 
0.  4407 
0.  3378 
Present 


0. 1623 
Trace 
Xono  a 
0.  179G 

0. 0012 

0.  2821 
0.  0659 
0.  0610 
0. 1233 
0.0016 


1.  7057 


Per  cent,  of  to- 
tal  luaterial 
m  solution. 


2. 94 
25.  84 

19.81 


9.  51 

10.  53 

•  0.07 

16.  54 
3.  86 
3.  58 
7.  23 
0.  09 

100. 00 


Deternnna- 
tious. 


Grams  of  water 
employed  in 
each  determi- 
nation. 


500 
250 

500 


250 


500 
500 
500 
500 
500 


a  As  received  in  the  laboratory. 


h  By  Mayer's  method. 


Ht/poihetica  I  com  hin  a  Hon . 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

LiCl  

0.  0097 

0.57 

NaCl  

0. 1636 

9.  59 

KCl  

0. 1165 

6.  83 

KBr  

Tiace 

Na2S0i 

0. 1834 

10.  75 

MgS04  

0. 3295 

19.  32 

CaSOa  

0.  2002 

11.74 

CaCOs  

0.  5580 

32.  71 

AI2O3  

0.  0022 

0. 13 

Si02  

0.  0502 

2.  94 

CO2  

0,  0924 

5.  42 

1.  7057 

100  00 
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HOT  RIVER. 


(Locality,  Mammoth  Hot  Springs ;  date  of  collection,  Octobers,  1884;  temperature, 
5b^  C.  ;  reaction,  alkaline;  specific  gravity,  1.00157.) 


Constituents. 


SiO:i  .... 

SOj  

CO2  

BsOj  . . . . 

As^Os... 

CI  

Br  

H2S  

0 (basic) 

Fe  I 
All-- 

Ca  



K  

Na  

Li  

NH4  .... 


Grams  per  kilo 
of  water. 


0. 0500 
0.4230 
0.4270 
0. 0128 
0. 0001 
0. 1604 
None 
None 
0. 1682 

0.  0C51 


1. 74401 


Per  cent,  of  to- 
tal material 
in  solution. 


2.87 
24.26 
24.49 
0.  73 
0.02 
9.  20 


9.  64 

0.29 

13.53 
3.G2 

2.  es 

8.63 
0.  OG 
0.  01 

100. GO 


Determina- 
tions. 


Grams  of  water 
employed  in 
each  determi- 
nation. 


200 
200 
200 
600 
500 
100 
100 
GCO 

200 

200 
200 
100 
ICQ 
100 
50 


Albuminoid  aniinonia,  tra( 


Bijpotli etica I  co nibin aiion. 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to 
tal  materia 
in  solution. 

NH4CI  

0. 0003 

0.02 

LiCl  

0.00G8 

0.39 

NaCl  .- 

0.1855 

10.64 

KCl.-.'  

0. C882 

5.06 

NaaSOj  .... 

0. 22C5 

12.  98 

MgSO-j . 

0.3155 

18.09 

CaSOi 

0.  i4ro 

8.31 

Na2B407  .... 

0.  0185 

1.06 

NaAsOj  

O.0004 

0.  02 

CaCOs  

0. 4J-33 

27.  71 

AI2O3  

.0. C097 

0.56 

Si02  

0. 0500' 

2.87 

CO2  

0. 2143 

12.29 

1.  7440 

100. 00 
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GARDINER  RIVER. 

(Locality,  above  Hot  River ;  date  of  collection,  October  l'^,  1333  ;  temperature,  8°  C. ) 


Coustituents. 


SiOa  .... 

SOs  

CO2  .... 
CI  

O  (biii^ic) 
Fe  } 

Al  5 

Ca  

Mg  

K  

Xa  

Li 


Grams  per  kilo 
of  water. 


04C9 
0117 
0710 
0049 
021G 


0,0012 


0250 
000.') 
0079 
0200 
racd 


0. 2137 


Per  cent,  of  to- 
tal material 
iu  soluliou. 


21.95 
5.47 

33.  23 
2. 29 

10.11 

1.% 

11.70 

0.23 

;>.  70 

9.3G 
100. 00 


Determina- 
tions. 


Grams  of  water 
employed  in 
eacli  determi- 
nation. 


100 
100 
200 
100 

100 

100 
100 
100 
IGO 


Iljjpolhctica I  comhhiaiion . 


Constiturnts. 

Grams  ]){'r  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

LiCl...  

Trace 

KCl   

0.  0103 . 

4.82 

K2SO4  

0. 0050 

2.  G2 

Na2S04  

O.OIGI 

7.  53 

NajCOa  

0. 0340 

15.91 

MgCOz  

0.  0018 

0.81 

CaCOs  

0.  0G25 

29. 25 

AUOs  

0. 0079 

3.70 

SiO.  

0.04G9 

21.95 

co^  

0. 028G 

23.  38 

0. 2137 

100.  CO 
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GARDINER  RIVER, 


.(Locality,  Mammoth  Hot  Springs,  below  Hot  River 
26,  1884 ;  temperature,  13^ 


date  of  collection,  September 
C.) 


Constituents, 


Si02  .... 

SO3  

CO2  

CI  

O  (basic) 

Fe  ( 
Al  5  •  - 

Ca  

Ms  

K  



Li  


Grams  per  kilo 
of  water. 


0. 0272 

5  51 

0.  0802 

16.  21 

0. 1725 

34.  94 

0. 0301 

G.  10 

0.0!87 

9.8G 

0.0010 

0.20 

0.  0749 

15. 17 

0.  0175 

3.  55 

0.0105 

2.13 

o.o;:!! 

G.  30 

Trace 

0. 4037 

100.  00 

Per  cent,  of  to-  jy^^^,,,,;^^. 
tal  inaterial       . . 
in  solution. 


Grams  of  ^ater 
employed  in 
each  determi- 
nation. 


500 
500 
500 
500 


500 
.500 
500 
500 


ITypotJi etica I  co m hination. 


Constituents. 

Grama  per  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

LlCl  



Tnice 

KCl  

0. 0200 

4.05 

NaCl  

0. 0339 

6.  87 

0.  0549 

11.12 

MgS04  

0.  0739 

14.97 

MgCOi  

0. 0094 

1.90 

CaCOa  

0. 1873 

37.  94 

AI2O3  

0.  0019 

0..38 

Si02  

0.  0272 

5.51 

CO2  

0.  0852 

17.  2G 

0.  4937 

100.  00 
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WATER  SUPPLY  AT  MAMMOTH  HOT  SPRINGS. 

(Locality,  faucet  in  iiotel ;  date  of  collectiou,  July  28,  1884.) 


Constituents. 


Si02  

SOs  

CO2  

CI  

O  (basic)  

Al  } 
Fe  5 

Ca  

Mg  

K  

Na   

Li  


Grams  per  kilo 
of  water. 


0. 0355 
0. 0310 
0. 1230 
0.  0022 
0.  0248 

0. 0011 

0.  0316 
0. 0089 
0.0031 
0. 0145 
None 

0.  2757 


Percent,  of  to- 
tal material 
in  solution. 


12.  F8 
11.24 
44.61 

0.80 
9.00 

0.40 

11.46 

3.23 
1.12 
5.  26 

100.  00 


Determina- 
tions. 


1  Grama  of  water 
employed  in 
each  determi- 
nation. 


1000 
1000 
200 
500 

1009 

1000 
1000 
1000 
1000 


Amraonia,  0.000022  gram;  albuminoid  ammonia,  0.000028  gram;  nitric  acid 
0.000115  gram  per  kilo. 

Hypothetical  combination. 


Constituents. 


KCL... 

K2SO4 

Na2S04 

MgS04 

MgCOs 

CaCOs 

AI2O3  . 

SiOi  ... 

CO.2.-.. 


Grams  per  kil.) 
of  water. 


0.  0040 
0.  0015 
0.  0448 
0.  0076 
0.  0258 
0.  07110 
0.  0021 
0.  0355 
0.  0748 

0.  27.57 


Per  cent,  ofto-      Grains  per 
tal  material  !  tt    L'     J,i  „ 
in  solution. 


IT.  S.  "allon. 


1.67 

0.54 
16.  25 
•  2.76 

9.36 
28.  65 

0.  76 
12.  88 
27.13 

100.  00 


0. 2685 
0.  0875 
2.6151 

0.  4436 

1.  5060 
4.6114 
0. 1225 
2. 0722 
4. 3662 

16.  0930 
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SODA  SPRING. 

(Locality,  MammotL  Hot  Springs;  date  of  collection,  ,  1887;  temperature,  6°  C. 

reaction,  acid;  specific  gravity,  1.00041.) 


Constituents. 

Grams  per  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

Sl02  

0.  0184 

2.  08 

2 

500 

SO3  

0.  0390 

4.  42 

2 

200 

CO2 

0.  6735 

76.  30 

2 

200 

B2O3  

None 

2 

1,000 

AS0O3  

None 

2 

1,  000 

CI  

0. 0044 

0.  50 

2 

200 

H2S  

None 

200 

0  (basic)  

0.  0432 

4.89 

Fe  

0.  0053 

0.60 

2 

500 

Al  

e. 0004 

0.06 

2 

500 

Ca  

0. 0808 

9. 15 

2 

500 

Mg  

0. 0106 

1.20 

2 

500 

K  

0. 0027 

0.  31 

2 

200 

0.  (J039 

0.  44 

2 

200 

Li  

None 

2 

200 

IsHi  

0. 0005 

.05 

2 

50 

0.  8827 

100.  00 

Albuminoid  ammonia :  Trace. 


Hi/potheiieal  combination. 


Constituents. 


NH4CI . 
LiCl  ... 
KCl  ... 
NaCl  .. 
Na2S04 
MsSOi. 
MgCOs. 
CaCOs  . 
FeaOs  . . 
AI2O3  -. 
Si02  - . . 
CO2.... 


Grams  per  kilo 
of  water. 


0. 0015 
None 
0.  0051 
0.  0015 
0.  0102 
0.  0500 
0.0021 
0.  2020 
0.  0070 
0.  0008 
0.  0184 
0.  5835 

0. 8827 


Per  cent,  of  to- 
tal material 
in  solution. 


0. 17 

0. 58 
0. 17 
1. 16 
5.  67 
.24 
22,  88 
.86 
.09 
2.  08 
66.10 

100.  00 


(43) 
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WATERS  OF  YELLOWSTONE  NATIONAL  PARK. 


[bull.  47. 


FEARLESS  GEYSER. 


(Locality,  Norris  Geyser  Basin ;  date  of  collection,  Augnst  18,  1884 ;  temperature, 
88°  C. ;  reaction,  neutral ;  specific  gravity,  1.00110.) 


Constituents 


Si02  .... 

Ti02...- 

SO3  

CO2  

N2OS.-.. 
P2O5..-. 
B2O3  .... 
AS2O3..- 

Cl  

B2  

I  

ri  

H2S  

0  (basic) 

Fe  

Al  

Mn  

Ba  

Sr  

Ca  

Mg  

Cs  

■Rb  

K  

Na  

Li  

NH4 


Grares  per  kilo 
of  water. 


0.  4180 
Kone 
0.  03G7 
0.  004G 
None 
None 
0.  0223  a 
0.  0022 
0.  6705 
0.  0026 
I^ono 
None 
Trace 
0.  0113 
0.  0006 
0.  0002 
None 
None 
None 
0. 0092 
0.  0001 
Trace 
Trace 
0. 0415 
0.  404G 
0.  0081  b 
0. 00025 


Per  cent,  of  to- 
tal material 
in  solution. 


25.  GO 


2.  25 
0.  28 


1.36 
0.  14 
41.  06 
0.  16 


0.  70 
0.  04 
0.  01 


0.  56 
0.01 


2.54 
24.  77 
0..50 
0.  02 


1. 63275       i        100. 00 

I 


Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

2 

~  500 

1 

39,  500 

2 

1000 

2 

500 

1 

40O 

1 

39,  500 

2 

7,  900 

2 

7,  900 

2 

200 

2 

7,  900 

2 

7,  900 

1 

39,  500 

1 

600 

••^9,  500 

2 

500 

1 

39,  500 

1 

39,  500 

1 

39,  500 

2 

500 

2 

500 

1 

7,  900 

1 

7,900 

2 

200 

2 

200 

2 

7,  900 

1 

500 

a  Found  by  Marignac's  method,    b  Found  by  Mayer's  method. 
Albuminoid  ammonia  (not  in  summation)  0.00001  grams  per  kilo. 
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Hypothetical  combination. 


Constituents, 


NH4CI . . 
LiCl  . .  - . 
KCl  .... 
KBr  . . . . 
CsCl.... 
RbCl.... 
NaCl  .-- 
NaaSOi  . 
MgS04.. 
CaS04  . . 
Na2B407 

CaCOs  - . 
FeCos... 
AI2O3  ... 
SiO-i  .... 

C02  

H2S  


Grams  per  kilo 
of  water. 


0.  0C07 
0.0492 
0.  0768 
0.  0039 
Trace 
Trace 
0.  9760 
0.  0404 
0.  0005 
0.  0230 
0. 0319 
0.  0029 
0. 00«1 
0. 0011 
0.  OOOi 
0.4180 

0.  0019 
Trace 

1.  6328 


Percent,  of  to- 
tal material 
in  solution. 

0.04 
3.02 
4.71 
0. 24 


59.  78 
2.47 
0.  03 
1.41 
1.96 
0. 18 
0.  37 
0.06 
0.  02 

25.60 
0. 11 
Trace 

100.  00 


The  analysis  of  a  preliiniaary  sample  of  1,350  cui^.,  tcken  Sapteinber  27,  188.3,  yielded 
the  following  fij^ures,  wiiicli  signify  grams  of  material  per  kilogram  of  water:  SiOj 
0.34()3;  SO.,  0.C501 ;  CI  0.6476;  Fe,  Al  0.0021;  Ca  0.0098;  Mg  trace;  K  0.0443;  Na 
0.3931 ;  Li  0.0042. 

(45) 
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PEARL  GEYSER. 

(Locality,  Norris  Geyser  Basin;  date  of  collectiou,  August  20,  1884;  temperature, 
84°  C.  ;  reaction,  neutral ;  specific  gravity,  1.00110.) 


Constituents. 


Grams  per  kilo 
of  water. 


Si02  .... 
TiOi.... 

SOs  

CO2  

Ms  ... 
P2O5  ... 
B2O6... 
AS2O3  .. 

CI  

Br  

I  

Fl  

H2S  

O(basic) 

Fe  

Al  

Mn  

Ba  

Sr  

Ca.  

Ms  

Cs  

Kb   

K  

Ifa  

Li  

NH4  .... 


0.  4636 
None 
0. 0228 
d.  0075 

None 
[0.  0273] 
0. 0038 
0. 6520 


None 
Trace 
0.0134 
Trace 
0.  0031 
Trace  a 
None 
None 
0. 0064 
0.  0009 


0.  0544 
0. 4046 
0.  0022  b 
0. 00021 

11.66221] 


Per  cent,  of  to- 
tal material 
in  solution. 


27. 


1.38 
0.45 


[1.65] 
0.  23 
39.  22 


0.81 
0.18 


0.  38 
0.  05 


3.  27 
24.  34 
0. 14 
0.  01 

[100. 00] 


Determina- 
tions. 


Grams  of  water 
employed  iu 
each  determi- 
nation. 


500 
54^  000 
1,  000 
200 

54,  000 

3,  200 
200 


54,  000 
000 

54000 
500 
54,  000 
54,  000 
54,  000 
500 
500 


200 
200 
10,  800 
1,000 


a  0.000038  gram.  b  By  Mayer's  method. 

Albuminoid  ammonia  (not  included  iu  summation)  0.00001  g. 
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Hiipoihetica I  com hination. 


Cimstitueuts. 


r'^ov^^  Percent,  of  to- 

or  water.  solution. 


NII4C1  

0. OOOG 

0.03 

LiCl  

0.0 1:« 

0.80 

KCl  

0.  1039 

6.  26 

NaCl  

0.  9738 

58.  59 

Na2S04  .... 

0. 0366 

2.21 

CaS04  

0.  0037 

0.  22 

0. 0050 

0.30 

Na2B407  ... 

[0.  0394] 

[2.  37] 

MsCOs 

0.  0031 

0.  18 

CaCOs  

0. 0133 

0.80 

AhOs  

0,0059 

0.  35 

SiO?  

0.  4636 

27.  89 

H2S  

Trace 

[1.  6622] 

[100.  00] 

An  accidental  loss  of  the  material  for  analysis  prevented  the  determinations  of  the 
boric  acid,  bromine,  iodine,  calcium,  and  rubidium.  In  the  figures  given  above  it 
has  been  assumed,  in  order  that  the  analysis  may  be  utilized  as  far  as  may  be  for  com- 
parison with  the  others,  that  the  boric  acid  was  present  in  amount  just  suflScient  to 
neutralize  the  excess  of  base  over  all  acid  in  the  dissolved  material.  This  supposi- 
tion is  probably  not  very  far  wrong,  if  we  may  draw  any  conclusion  in  this  matter 
from  the  composition  of  adjacent  waters,  but  it  is  nevertheless  purely  an  assumption. 

(47) 
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COXSTANT  GEYSEH 


(Locality,  Norris  Basin;  date  of  collectiou,  September  13,  1835;  temperature,  92^  C. ; 
reactiou,  acid;  specific  gravity,  LOOll.').) 


Constituents. 


Si02  

SO3  

CO2  

B2O3  

AS2O3  

CI  

Br ........ 

H2S  

O(basic).  . 

Fe  

Al  

Ca...,  

Mg  

K  

Na  

Li  

NH4  

H  (in  HCI) 


ot  wdtu.      I  3oluiion. 


0. 4G8r> 
0. 0923 
0.  0155 
0. 0317 
O.G0I8 
0. 5740 
Trace 
'None  a 
0.0185 
Trace 
0.  0048 
0.014G 
0.  0018 
0.  0745 
0.3190 
0.  0030 
0.00127 
O.O0O8 


1. 62207 


23.  88 

5.  ca 

0.  95 

1.  95 
0. 11 

35.  39 


1.14 

0.  29 
0.  90 
0.  11 
4.  GO 
19.  G7 
0.19 
0.  08 
.05 

100.  00 


Determina- 
tions. 


Grams  of  water 
employed  in 
each  determi- 
natiou. 


As  received  in  the  laboratoiy. 

Albuminoid  ammonia,  none. 

Hypothetical  com^j't nation. 


200 
200 
200 

500 
500 
200 
100 

coo 

200 
200 
200 
200 
200 
200 
200 
50 


Constituents. 

Grams  per  kilo 
of  water. 

Perceut.  of  to- 
tal material 
in  solution. 

NHiCl     .  . 

0.  t;03B 

0.  23 

LiCl  

0.  0182 

1.  14 

KCl  

0. 1423 

8.  77 

KBr  

Trace 

XaCl- 

0.7590 

4G.  79 

Na-iSOa  ..... 

0.  0G35 

3.91 

MgSO-i  

0. 0090 

0.  55 

CaS04  

0.  0490 

3.07 

Al2(SO.i).3.--. 

0.0304 

1.88 

Trace 

Si02  

0.4C85 

28.  88 

B203   

0.  0317 

1.95 

AS2O3  

0.0018 

0.11 

CO2            . . 

0.0155 

0.  95 

HCI  

0. 0287 

1.77 

1.  6220 

100.  00 
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COllAL  SPUING. 


(Locality,  Norris  Geyser  Basiu;  date  of  collectiou,  August  20,  1884; 

73^  C;  reaction,  acid;  specific  j^ravity,  1.00130.) 


temperature, 


Constitueuts. 


Si02  

SOs  

CO2  

B2O3   

AS2O3  

CI  

H2S  

0  (basic).. 

Fe  

Al  

Ca  

Mg  

K  

Nil  

Li  

NH4  

H  (in  HCl)... 


Grains  per  kilo 
of  water. 


Percent,  of  to 
tal  material  i 
iu  solution 


!  De tormina- 
ion  3. 


1.  !)i082 


31.  77 

1.38 

1.71 
0.  04 

37.  09 

0.28 

0.  15 
0.54 
0.  11 
3.  81 
20.  60 
0.11 
0.02 
0.  17 

100.  00 


Grams  of  water 
oui])lo.ve(l  in 
eacli  determi- 
nation. 


200 
200 
200 
1,000 
1,000 
100 
COO 

200 
200 
200 
200 
100 
100 
100 
50 


Albuminoid  ammonia  (not  in  summation),  0.00010  grams  per  kilo. 


HypotJi etical  comhination. 


Constituents. 


Grams  per  kilo 
of  water. 


NH4CI 
LiCl . . 
KCl  .. 
NaCl  . 
MgCl2 
AI2CIG 
FeaCic 

M<tS04 

CaS04 
B2O3 . . 
AS2O3. 

Si02  .. 

C02 . . . 

HCI  .. 


0.  0012 
0.0121 
0. 1393 
l.OOll 
0.  0016 
0.0143 
Trace 
0.  0090 
0. 0347 
0.0328 
0.  0007 
0  6070 
0.  0425 
0.0145 

1. 9108 


Bull.  47  4 


(49) 


Percent,  cf  to- 
tal )naterial 
in  solution. 


0.  06 
0.  64 
7. 29 
52.  39 
0.  08 
0.75 

0. 46 
1.82 
1.72 
0.  04 
31.77 
2.  22 
0.  76 

100.  00 


50  WATERS  OF  YELLOWSTONE  NATIONAL  PARK,        [bull,  47. 

CORAL  SPRING. 

(Locality,  Norris  Geyser  Basiu;  date  of  collection,  October  11,  1886;  temperature, 
72°  C. ;  reaction,  faintly  acid;  specific  gravity,  1.00124.) 


Constituents. 


Grams  per  kilo 
of  Yfater. 

- 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

SiOa  

0.  5805 

31.30 

2 

200 

SO3  

0.  0280 

1.  51 

2 

200 

CO2  

0.  0262 

1.41 

2 

200 

0.  03C8 

1.98 

2 

500 

0.  0009 

0.  05 

2 

500 

CI  

0.  C701 

36. 14 

2 

200 

IvTone 

1 

OUU 

O(basic)  —  . 

0.  0175 

0.  94 

Fe  

Trace 

2 

200 

Al  

0.0077 

0.  42 

2 

200 

Ca  

0.  0071 

0.  80 

2 

200 

Mg  

0.  0014 

0.07 

^ 

200 

K  

0. 0815 

4.40 

2 

200 

Na  

0.  3925 

21. 16 

2 

200 

Li  

0. 0040 

0.21 

2 

200 

NH4  

0. 0003 

0.02 

1 

50  . 

1.  8545 

100. 00 

Albuminoid  ammonia  (not  in  summation)  0.00060  gram  per  kilo. 


Hypothetical  combination. 


Con.stituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

NH4CI  

0. 0009 

0.  05 

LiCI  

0.  0243 

1.  31 

KCl  

0. 1557 

8.  39 

NaCl  

0.  9483 

51. 13 

Na2S04  

0.  0228 

1.  23 

MgS04    ,  . 

0.  0070 

0.  39 

CaS04  

0.  0179 

0.  90 

H'a2B407 

0. 0531 

2.  80 

!NaAs02-  ... 

0.  0012 

0.07 

CaCOs  

,    0. 0048 

0.26 

AI2OS  

0.  0139 

0.75 

FejOs  

Trace 

SiOa  

0. 5805 

31.  30 

CO2  

0.0241 

1.  30 

1.  8345 

100.  00 
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ECHINUS  SPRING. 

(Locality,  Norris  Geyser  Basin  ;  date  of  collection,  August  20,  1884  ;  temperature, 
91°  C. ;  reaction,  acid;  specific  gravity,  1.00071.) 


Constituents. 

Gri'Sttis  per  Isilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

tious. 

Grams  of  water 
employed  in 
each  determi- 

0. 2532 

30.  46 

2 

200 

0. 1929 

23.21 

200 

C()2  

0. 0250 

3.  01 

2 

200 

BiOs   

0.  0173 

2,  08 

500 

As^Oj  

0. 0016 

0. 19 

2 

500 

CI   

0. 1207 

14.  52 

2 

200 

Br  

Tiace 

100 

Trace 

1 

600 

0(  basic)  

0. 038G 

4.  64 

Fe  

None 

2 

200 

Al  

0. 0027 

0.  33 

2 

200 

Ca  

0.0115 

1.  38 

2 

200 

Mg  

None 

2 

200 

K  

0  0395 

4.  75 

2 

200 

Na  

0.  1265 

15.22 

2 

200 

Li  

Trace 

2 

200 

NH4  

0.  00106 

0. 13 

1 

50 

H(in  HCl)  -. 

0.  0007 

0.  08 

0. 83126 

100.  00 

Albuminoid  ammonia :  None. 


Hypothetical  combination. 


Constituents. 

Grams  per  kilo 
of  waler. 

Per  cent,  of  to- 
tal material 
in  solution. 

.  NH4CI  

0. 0040 

0. 48 

LiCl  

Trace 

KCl  

0. 0754 

9.  07 

KBr   

Trace 

NaCl  

0.  0908 

10.  92 

NaaSUi  

0. 2803 

33.72 

CaS04  . 

0.  0391 

4.  70 

AMS03)4  - 

0.0171 

2.  06 

Si02  

0. 2532 

30.46 

B2O,  

0.0173 

2.  08 

AsA   

0.  0016 

0. 19 

CO,  

0. 0250 

3.01 

HCl  

0. 0275 

3.31 

H2S  

Trace 

0.  8313 

100.  00 

(51) 
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SCIILAMMKESSEL. 


(Locality,  Norris  Geyser  Basin ;  date  of  collection,  August  20,  1884  ;  temperature, 
91°  C. ;  reaction,  acid;  specific  gravity,  1.00130.) 

The  water  was  filtered  from  material  in  suspension. 


Constituents. 


SiOj  

SO3  

CO2  

B2O3  

AS2O3  

CI  

Br  

H2S  

O  (basic).. 

re  

Al  .;  

Ca  

Mg  

K  

Na  

Li  

l^Hi  

H  (in  HCl) 


Grarus  per  kilo 
of  water. 


0.  4577 
0. 1012 
0.0175 
0.0390 
None 
0. 6391 
Trace 
Trace*  a 
0.  0202 

0.  0081 

0.  0078 
0. 0003 
0.  0254 
0.  3054 
0. 0029 
0.  O0G33 
0.  0019 


1.  69283 


Per  cent,  of  to- 
tal m&terial 
in  solution. 


>7.04 
5.98 
1.  04 
2.30 


Determina- 
tions. 


37.75 


1.19 

0.48 

0.46 
0.  02 
1.50 
21.58 
0.17 
0.  37 
0. 12 

100.00 


Grams  of  water 
employed  in 
each  determi- 
niition. 


200 
100 
100 
200 
200 
100 
100 


200 

200 
200 
200 
200 
200 
50 


a  As  received  in  the  laboratory. 
Albuminoid  ammonia  (not  in  summation)  0.00040  grams  per  kilo. 


Hi/ pot  h  etica  I  Co  m  bin  a  tion . 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to 
tal  materia! 
in  solution. 

NH4CI  

0.  0188 

1.11 

LiCl  

0.  0176 

1.  03 

KCl  

0.  0185 

2.  86 

KBr  

Trace 

NaCl 

0.  8585 

50.72 

Na2S04 

0.  0862 

5.  09 

MgSOj 

0.  0015 

0.09 

CaS04 

0. 02G5 

1.57 

Al2(S04)  3  -  ) 

0.  0513 

3.08 

re2(S04)  3.-3 

SiOj  

0.  4577 

27.  04 

B2O3  

0.  0390 

2.  30 

CO2  

0.  0175 

1.04 

HCl  

0.  0697 

4.  12 

H2S  

Trace 

1.  6928 

100.00 
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FOUNTx\IX  GEYSER. 

(Locality,  Lower  Geyser  Basil! ;  tLate  of  collection,  August  24,  1884 ;  temperature, 
82°  C;  reactiou,  alkaline  ;  specific  gravity,  1.00100.) 


a  By  Marignac's  method,    h  0.  OOQOOiJ  grams.    cBy  Mayer's  method. 
AlDumiuoid  ammonia  (not  in  summation)  0.0003S  grams  per  kilo. 

Hi/potli ct ica I  comhiiiaiioii . 


Constituents. 

! 

Grains  per  kiio 
of  water. 

1 

Per  cent,  of  to- 
tal material 
in  solution. 

NH4CI  

(1.  0004 

0.02 

LiCl  

0.  0213 

1.52 

KCI   

0.  0720 

5. 15 

KBr  

0.  OOOG 

0.04 

NaCl   

0.  4C3C 

33. 12 

Na2S04 

0.034G 

2.  47 

NaaBiOr  .... 

0.  0198 

1.42 

NaAsOi 

0.  G03."> 

0.  25 

NaaCOs 

0.  3541 

25.  30 

MgCOs 

0. 0035 

0.  25 

CaCOs  

0. 0035 

0.25 

FeCOs  

0.  0004 

0.  02 

MuCO.5 

Trace 

0. 0108 

0.77 

SiOi  

0.  3315 

23.  69 

CO2  

0. 0801 

5.  73 

HaS  

Trace 

1. 3997  \ 

100. 00 
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GREAT  FOUNTAIN  GKYSER. 

(Locality.  Lower  Geyser  Basiu;  date  of  collection,  August  24,  1884;  temperature, 
S'2°-93°  C.{a);  reaction,  alkaline;  specific  gravity,  1.00104.) 


V>  UUo      I- U.         bo  . 

Graras  per  kilo 
of  water. 

Per  cent,  of  to- 
ill  solution 

Determiua- 
tious. 

Grams  of  water 
einploy(--d  in 
each  determi- 
nation. 

0.  3182 

24. 19 

2 

2C0 

0.  0187 

1.  42 

2 

100 

CO2  

0. 2107 

16.  02 

2 

200 

B2O3   

0.01006 

0.  76 

1 

50 

AS2O3 

0.  0017 

0. 13 

2 

500 

Cl  

0. 3508 

26.  67 

2 

100 

XT  C 

None 

1 

GOO 

0  (basic)  

0. 0472 

3.59 

Fe  

Trace 

2 

200 

Al  

0.  0021 

0.16 

2 

200 

Ca  

0.  0017 

0.13 

2 

200 

Mg  

0. 0023 

0.  17 

2 

200 

K  

0.  0145 

1.10 

2 

100 

Na  

0.  3351 

25.  47 

2 

100 

Li  

0. 0025 

0. 19 

2 

100 

1.  3155 

100.  00 

a  Tlie  usual  range  of  temperature  daring  the  interval  between  eruptions. 

b  llests  on  one  determination,  and  tbat  made  with  an  insufficient  amount  of  water,  the  remainder 
having  been  lost  accidentally. 


Hypothetical  comhination. 


Constitiaents. 

Grams  per  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

LiCl 

0.0152 

1.15 

KCl  

0. 0277 

2.11 

NaCl  

0.  5354 

40.  70 

Na2S04  

0. 0332 

2.52 

NaiB^O?  .... 

0.  0144 

1.09 

NaAs02  .... 

0. 0022 

0.  17 

Na2C03 

0.  253G 

19.  28 

MgCOs  .  . 

0.  0080 

O.Gl 

CaCOs 

0.  0043 

0.33 

Al.Os 

0.0040 

0.30 

Fe203  

Trace 

Si  02  

0.3182 

24.  19 

C02  

0.  0993 

7.  55 

1.3155 

100.  00 

(54) 
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IiYGEIA  SPRING. 

(Locality,  Lower  Geyser  Basin;  date  of  collectiou,  September  11,  1835;  1;^mperature, 
4:i°  C. ;  reaction,  alkaline  ';  specific  gravity,  1.00107.) 


Constituents. 

urainspor  kuo 
ot  wattr. 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina- 

Grams  of  water 
employed  in 
eacli  determi- 
nation. 

SiOv  

—  

0. 2477 

20.  08 

2 

200 

SO3  

0.  0I9G 

1.G5 

2 

200 

CO2  

0.  2907 

24.  t2 

2 

200 

B,0,  

0. 0239 

2.02 

2 

500 

AS2O3  

0.  0034 

0.29 

2 

500 

CI  

0.  2487 

21.06 

2 

200 

Br  

Trace 

1 

100 

HviS  

None  ft 

0  (basic) .  . . . 

0, 0504 

4.  27 

.... 

Fe  

None 

2 

200 

Al  

0.  C03G 

0.31 

2 

200 

Ca  

0.  0064 

0.  54 

2 

200 

Mff  

0.  0022 

0.  19 

2 

200 

K  

0.0154 

l.."0 

2 

200 

Na  

0.  265  i 

22.  :8 

2 

200 

Li  

0.  0032 

(1.  27 

2 

200 

NH4  

0. G0021 

0.  02 

1 

50 

1. 18081 

100. 00 

• 

a  As  received  in  the  laboratory. 
Albuiniuoid  animouia,  none. 

Hypothetical  comhi nation. 


Corstituents.     ^       .^^.Ji'er  ^^^^  material 

in  solution. 


NH4CI . 
LiCl  ... 
KCl  ... 
KBr  ... 
^aCl  .. 
NaoSOa 
Na2B407 
NaAsOi 
Na2C03 

MjlCO;^ 

CaCOs 
AI2O3 . . 
SiOj  .... 
C0«  


0.  00G6 
.0.  0194 
0.  35G4 
Trace 
0.  0294 
0.  0348 
0.0345 
0. 0019 
0.  2393 
0. 0077 
0.  0160 
0.  00G8 
0.  2477 
0.1803 

1. 1808 


0.06 
1.64 
30.  44 

2.49 
2. 95 
2.  92 
0.41 
20.26 
0.  65 
1.35 
0.58 
20.  98 
15.27 

100.00 


(55) 
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MADISOX  SPRING. 

(Localit5%  X^i"^^^^*^  Springs,  near  juuction  of  Gibbon  and  Fireliole  Rivers;  date  of 
collection,  September  11,  18d5 ;  temperature,  60°  C. ;  reaction,  alkaline;  specific 
gravity,  1.00100.) 


Constitnents. 

Grams  per  kilo 
of  water. 



Percent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

• 



Grams  of  water 
employed  in 
each  determi- 
nation. 

Si02  

0. 1507 

11. 37 

2 

200 

SO3  

0.  0123 

0. 93 

2 

200 

CO,  

0.  6140 

46.31 

2 

200 

BiOa  

0.  0130 

0.  98 

' 

500 

AS2O3  .... 

Trace 

1 

500 

CI  

0. 0G08 

5.  26 

200 

Br  

None 

100 
.... 

H2S  

None  a 

" 

0  (basic)  

0. 10G2 

8.  01 

■- 

Fe  :-. 

None 

2 

200 

Al  

None  a 



2 

200 

Ca  

0. 0255 

1.92 

200 

Ms  

0.0017 

0.13 

200 

K  

0.  0385 

2.  90 

2 

200 

Na  

0. 2930 

22.10 

2 

200 

Li  

0. 0001 

0.  03 

9 

200 

NHi  

0.0008 

0.  06 

1 

50 

1. 3259 

100. 00 

a  As  received  in  the  laboratory. 


Albuminoid  ammonia  (not  in  summation),  0.00020  grams  per  kilo. 


Ilypothetical  combination. 


Per  cent,  of  to- 
tal material 
in  solution. 


NH4C1  

0.0024 

0.18 

LiCl   

0.  0024 

0.18 

KCl  

0.  0735 

5,  54 

NaCl  

0.  0513 

3.  87 

Na2S04  

0.  0218 

1.65 

Na2B.)07 

0.  0187 

1.41 

NaA.sO^  

Trace 

NasCOj 

0.  G025 

45.  44 

MgCOs  

0.  OOGO 

0.45 

CaCOs  

0. 0C38 

4.81 

SiOa-.--  

0. 1507 

11.37 

co.^  

0.  3328 

25.10 

1.3259 

lOi).  00 

(50) 
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FIREHOLE  RIVER. 

(Locality,  above  tlie  juuction  of  Nez  Percd  Creek ;  date  of  collectiou,  August  2i,  1884; 
temperature,  8°  0. ;  reaction,  alkaline;  specific  gravity,  1.0003L) 
The  water  was  filtered  before  bottlino;. 


Per  cent,  of  to- 
tal material 
iu  solution. 


I  Grams  of  water 
Detennina  j     employed  in 
eacli  deterrci- 


nation. 

2 

200 

2 

100 

2 

200 

1 

340 

1 

500 

2 

100 

2 

200 

2 

200 

2 

200 

2 

2C0 

2 

100 

2 

100 

100 

Hupothetical  comhinat'ion. 


Constitnonts. 


ot  water.  gyi^^i^u. 


Li  CI  

0.  0067 

1.  53 

KCl  

C. 0325 

7.44 

NaCl  

0.  0867 

19.  86 

Na2S04  

0. 0149 

3.42 

Na2B407 

0.  0087 

1.  99 

NaaCO^  ,  ,  . 

0.12(.l 

27.  51 

MgCOs  

0.  0024 

0.  55 

CaCOs  

0.  0165 

3.  78 

AI2O3  

0.  00.j9 

1.35 

Fe203  -  -  

Trace 

Si02  

0.  0905 

22. 10 

CO2  

0.  0457 

10.47 

0.  4300 

100, 00 

(57) 
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EXCELSIOR  GEYSER. 


(Locality,  Midway  Basin 


1884  ;  temperature,  92^  C 


reaction,  alkaline;  specific  gravity,  1.00110.) 


1 

1 

Constituents. 

Grams  per  kilo 
of  water. 

SiOi  

0.  2214 

TiOi  

None 

SO3  

0.  0146 

CO2  

0. 3825 

NjOs  

None 

PjOs  

Trace 

B2O3  

0.  0161  a 

AS2O3  

0. 0026 

CI  

0. 279B 

Br  

Trace 

I  

None 

Fl  

None 

H-iS  

Trace 

0  (basic)  

0.  0955 

Fe  

0.  0018 

Al  

0. 0012 

Mn  

Trace 

Ba.   

None 

None 

Ca  

0.0022 

Mg  

0.  0022 

Cs  

None 

Kb  

None 

K  

0.  0325 

Na  

0.  4186 

Li  

0.  0020  b 

NH4  

0. 00001 

1. 47251 

Per  cent,  of  to- 
tal material 
in  solution. 


a  By  Marignac's  raetbod. 


15.  04 


0.  99 
25.  97 


1.  09 
0. 18 
18.  96 


0. 12 
0.  08 


0. 15 

0. 15 


2.  21 
28.  43 
0. 14 


Determina- 
tion. 


Grams  of  water 
employiid  in 
each  (letermi- 
nation. 


200 
24,  000 
200 
200 
120 
24,  000 
2,  400 
2,  400 
100 
2, 400 
2, 400 
24,  000 
600 

24,  000 
200 
24,  000 
24,  000 
24,  000 
200 
200 
2,  400 
2,  400 
100 
100 
2,  400 
50 


b  By  Mayer  s  method. 


Albuminoid  ammonia  (not  in  summation),  0.00002  gram  per  kilo. 
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Hypothetical  combination. 


Constituents. 


Gra^sperkilo  ^-f-^^tfrL"! 
ol  water.  solution. 


NH4Cn  

Trace 

Trace 

LiCl  

0. 0121 

0.  82 

KCl  

0.  0021 

4. 22 

KBr  

Trace 

Trace 

NaCl  

0. 3948 

26.81 

Na2S04  

0. 0259 

1.76 

]Sra2B407  .... 

0. 0232 

1.58 

NaAsOi  

0. 0034 

0.  23 

Na2HP04  .... 

Trace 

Na2C03 

0.  5739 

38. 97 

MgCOs  

0.  0077 

0.52 

CaCOs  

0. 0055 

0.  37 

FeCO.,  

0. 0037 

0.  25 

AI2O3  

0. 0023 

0. 15 

Si02  

0.  2214 

15.  04 

CO2  

0. 1365 

9.  28 

H2S  

Trace 

Trace 

1. 4725 

100.  00 

A  preliminary  sample  of  600  cm^.,  taken  August  29,  1883,  yielded  as  analysis  the 
following  figures,  which  signify  grams  of  material  per  kilogram  of  water  :  SiOa, 
0.2727;  SO3,  0.0107;  B2O3,  present;  CI,  0.2765;  Fe  and  Al,  0.0009;  Ca,  0.0055;  Li, 
present. 

(59) 
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OLD  FAITHFUL  GEYSER. 


(Locality,  Upper  Geyser  Basin  ;  date  of  collection,  September  1,  1884  ;  temperature, 
840-88C  C.  (a);  reaction,  alkaline;  specific  gravity,  1.00090.) 


r>^^o*;f,,^,,fo  !  Grams  per  kilo 
Constituents,  i  water. 


Per  cent,  of  to- 
tal material 
in  solution. 


Si02.  ... 

Ti02.-.. 

SOj  

CO2  

N2O5.... 
P^Os... 
B2O3.... 
AS2O3  .. 

CI  

Br  

I  

FI  

H2S  

O  (basic) 

Fe  

Al  

Mn  

Ba  

Sr  

Ca  

Mg  

Cs  

Kb  

K  

Na  

Li  

NH^.... 


1.39081 


27.  52 


1.09 
6.  43 


1.07 
0. 15 
3L57 
0.25 


0.01 
3.  02 


0.  11 
0.  04 


1.  92 
26.36 
.40 

100.  00 


Grams  of  water 
Determiua-      employed  in 
each  determi- 
nation. 


500 
84,  000 
1,  000 

200 
1,  500 
84,  000 
13,  500 
13, 500 

200 
13,  500 
13,  500 
84, 000 

600 

84, 000 
500 
84,  OCO 
84,  00«) 
84,  000 
500 
500 
27,  000 
27,  000 
200 
200 
13, 500 
50 


a  The  usual  ranjre  of  temperature  in  the  pools  about  the  crater,  from  which 
the  sample  was  taken  immediately  after  eruption. 
h  By  Marignac's  method, 
c  0.000005  grams. 
(1  By  Mayer's  methed. 

Albuminoid  ammonia  (not  in  summation),  0.  00002  grams  per  kilo. 

(60) 
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HypotlieUcal  comhinatioti. 


Constituents. 


NH4CI . 

LiCl... 

KCl. 

KBr  ... 

CsCl... 

RbCl 

NaCl... 

N'a2S04.. 

NaAs02 
Na2C03 
NajSiOa . 
MgCOs.. 
CaCOs  . 
FeCOs  •• 
MnCOs  . 

Al.O.-;  ... 

SiOa . . .  . 
H2S  


Grams  per  kilo 
of  water. 


1. 3908 


(61) 


Per  cent,  of  to- 
tal material 
in  solution. 


Trace 
2.  44 
45.  97 
,  3.44 


0.  37 

1.  94 

1.  53 
0. 19 

15.02 

2.  01 
0.  15 
0.  27 


0.12 
26.  54 
0.  01 

100.  00 


ERRATA. 

Old  Faithful  Geyser— Hypothetical  Combination. 

Corrections  in  above  table. 

For  KCl  read  NaCl 
KBr    "  KCl 
"    NaCl  "  KBr 
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SPLENDID  GEYSER. 


(Locality,  Upper  Geyser  Basin ;  date  of  collection,  September  10,  1885 
C. ;  reaction,  alkaline;  specific  gravity,  1.00132.) 
The  concentration  of  the  water  was  effected  in  porcelain. 


temperature, 


Constituents. 


Si02  

Ti02.... 

bOs  

CO2  

N2O5  

P2O5 .... 

B2O3  

AS2O3.... 

CI  

Br  

I  

ri  

H2S  

O  (basic) . 

Fe  

Al  

Mn  

Ba  

Sr  

Ca  

Mg  

Cs  

Rb  

K  

if  a  

Li  

NH4  


Grams  per  kilo 
of  water. 


0. 2964 
None 
0.  0158 
0.  4225 
None 
0.  00012 
0.  0234 
0.  0019 
0.  3227 
None 
None 
None 
None 
0.  0897 
0.  00008 
0.  0027 
None 
None 
None 
0.  0030 
0.  0005 
None 
None 
0. 0121 
0.  4407 
0.  0023 
0.00008 


1. G3398 


Per  cent,  of  to- 
tal material 
in  solution. 


Determina- 
tions. 


18.14 

0.  97 
25.  86 

0.01 
1.43 
0.12 
19.  75 


5.49 
0.  005 
0.  16 


0. 18 
0.  03 


0.74 
26.  97 
0. 14 
0.  005 

100. 000 


Grams  of  water 
employed  in 
each  determi- 
nation. 


500 
22,  000 
500 
200 
400 
22,  000 
500 
4,500 
200 
4,  500 
4,  500 
22,  000 
600 

22,  000 
500 
22,  000 
22,  000 
22,  000 
500 
500 
9,  000 
9,  000 
200 
200 
200 
50 


Albuminoid  ammonia  (not  in  summation),  0.00002  grams  per  kilo. 

(C2) 
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Hypothetical  comhination. 


Constituents. 

Grams  per  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

NHiCl  

0.  0002 

0. 

01 

LiCl  

0.  0140 

0. 

86 

KCl  

C.  0231 

1. 

41 

NaCl  

0. 4940 

30 

23 

NazSOa  

0. 0281 

1 

72 

NagBiOy  

0, 0335 

2. 

05 

NaAsOa-  

0.  0025 

« 

15 

0. 0002 

0. 

01 

NaaCOs  

0.  5286 

32 

36 

MgCOs   

0.  0018 

0. 

11 

CaCOg  

0.  0075 

0 

46 

FeCO,  

0. 0001 

01 

AI2O3  

0.0051 

:. 

31 

SiOa  

'  0. 2964 

18 

14 

CO2  

0. 1989 

12 

17 

1.  G340 

100.  00 

(63) 
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SPLEXDID  (iEYSER. 

(Locality,  Upper  Geyser  Basin ;  date  of  collection,  August  28,  1884  ;  teroperature, 
93°  C.  ;  reaction,  alkaline  ;  specific  gravity,  1.00127.) 


Constituents. 

Grnins  per  kilo 
of  water. 

Per  cent,  of  to 
tal  material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

SiOo  

0. 3000 

18.  81 

2 

200 

SO3  

0.0158 

0.99 

2 

100 

CO2  

0.  40'i2 

,      25. 34 

2 

200 

B2O3  

0. 0240 

1.51 

2 

500 

0.  0010 

0.  oc 

2 

500 

CI   . 

0.3181 

19.  94 

2 

100 

Br  

None 



2 

100 

H2S  

None 

1 

COO 

0  (basic)  

0.  08G0 

5.  43 

Fe  

Trace 

2 

200 

Al  

0. 0034 

0.  21 

200 

Ca  

0.  0034 

0.21 

2 

200 

Mg  

0.  0015 

0.09 

2 

200 

K.   

0.  01.52 

0.  95 

2 

100 

Na  

0.  4179 

26.  20 

'2 

100 

Li  

0.  0037 

0.  23 

2 

100 

NH4  

0.  O0O42 

0.03 

2 

50 

1.  59522 

100.  00 

Albuminoid  ammonia  (not  in  summation)  0.00020  grams  per  kilo. 


II !j poihciical  comhinaiion . 


Constituents. 

Grams  i)erljilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

NH4CI  

0.  0012 

0.  08 

LiCl    

0. 0225 

1.41 

KCl.  

0.  0290 

1.82 

XaCI  

0.  4G92 

29.  41 

Na^SOj  

0. 0280 

1.76 

ISTaaBjO?  

0. 0346 

2. 17 

NaAs02  

0. 0016 

0.10 

NajCOs  

0.  4977 

31.20 

Ms^COa   

0.  00.53 

0.  32 

CaCOs  

0. 0085 

0.  53 

AI2O,  

0.  0064 

0.  40 

SiOa  

0. 3000 

18. 81 

CO2  

0. 1912 

11.99 

1.  5952 

100.  00 

(64) 
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GIANTESS  GEYSER. 


(Locality,  Upper  Geyser  Basin ;  date  of  collection,  August  29,  1884 ;  temperature, 
93°  C. ;  reaction,  alkaline;  specific  gravity,  1.00100.) 


Constituents. 

(jrrRTnspGr  kHo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

uexermina- 
tions. 

GrraiQS  of  water 
employed  in 
each  determi- 
nation. 

SiOj  

0. 3917 

27. 62 

2 

200 

0.  0167 

1. 18 

2 

200 

COj  

0, 1055 

7. 44 

2 

200 

B2O3  

0. 0233 

1.  64 

2 

200 

AS2O3  

0. 0006 

0. 04 

2 

200 

0. 4408 

31.  08 

2 

100 

Trace 

2 

100 
600 

HaS  

Trace 

1 

0  (basic)  

0.  0*11 

2,  90 

9 

200 

Al  

0. 0049 

0. 34 

2 

200 

Ca  

0.0007 

0.  05 

2 

200 

Mg  

0. 0012 

0.08 

2 

200 

K  

0.  0410 

2.  90 

2 

100 

Na  

0.3451 

24.  33 

2 

100 

Li  

0. 0057 

0.40 

2 

100 

NH4  

1.4183 

100.  00 

Hypothetical  covihination. 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

LiCl  

0. 0346 

2.44 

KCl  

0. 0783 

5.  52 

KBr  

Trace 

NaCl  

0.  6173 

43.  52 

Na2S04  

0.  0296 

2.  09 

lfa2B407   

0. 0336 

2.  37 

XaAs02  

0.  0008 

0.  06 

NaaCOs  

0. 1959 

13.81 

MgCOs  

0.  0042 

0.  30 

CaCOs  

0. 0017 

0.12 

AI2O3  

0.  0093 

0.  65 

SiOa  -  

0.  3917 

27.  62 

COj  

0.  0213 

1.50 

HjS  

Trace 

1. 4183 

100. 00 

The  analysis  of  a  preliminary  sample  of  1,300  cm".,  taken  August  28,  1883,  yield 
the  following  results,  which  are  given  in  grams  of  material  per  kilogram  of  water: 
Si02,  0.3843;  SO3,  0.0144;  CI,  0.4384  ;  Fe  and  Al,  0.0030;  Ca,  0.0058;  Mg,  0.0002;  Li, 
0.0043;  Na  and  K,  weighed  together  as  chlorides,  0.9559.  The  chlorides  of  the 
sodium  and  potassium  found  in  the  preceding  analysis  amount  to  0.9564  gram. 

(65) 
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BEEHIVE  GEYSER. 

(Locality,  Upper  Geyser  Basin;  date  of  collection,  September  1,  1884;  temperature, 
93°  C;  reaction,  alkaline;  specific  gravity,  1.00095.) 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed,  in 
each  determi- 
nation. 

0.  3042 

25. 12 

2 

200 

0. 0271 

2.  24 

100 

u.  yjyzv 

7.  60 

2 

200 

T>, 

0. 0145 

1.  20 

500 

v.  UUll 

u.  ua 

2 

ouu 

PI 

u.  --oyi 

oZ.  10 

o 

'\C\C\ 
J.UU 

"Rt 

Trace 

9 

JUU 

HzS  

None 

1 

600 

0  (basic)  

0.  0364 

3.  00 

Fe 

Trace 

2 

200 

Al  

0. 0029 

0.  24 

2 

200 

Ca  

0. 0039 

0.32 

2 

2C0 

Mg  

0.  0002 

0.  02 

2 

200 

K  

0.0213 

1.  76 

2 

100 

Sa.  

0.  3118 

25.  74 

2 

100 

Li  

0. 0061 

0.  50 

2 

100 

NH4  

0. 00021 

0.  02 

1 

eo 

1. 21111 

100.  00 

Albuminoid  ammonia,  none. 


Hypothetical  combination. 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

NH4CI  

0.  0006 

0.  05 

LiCl  

0. 0370 

3.05 

KCl  

0.  0407 

8.  36 

KBr  

Trace 

NaCl  

0.  5582 

•46.  09 

Na2S04  

0.  0481 

3.  97 

Na2B407   

0. 0209 

1.73 

]SraAs02   

0.  0014 

0. 12 

Na2C03 

0. 1754 

14.  48 

MgCOs 

0.  0007 

0.06 

CaCOs  

0.  0098 

0.  81 

AI2O3  

0.  0055 

0. 45 

SiOj  

0. 3042 

25.12 

CO2  

0. 0086 

0.71 

1.  2111 

100.  00 

(66) 
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GROTTO  GEYSER. 

(Locality,  Upper  Geyser  Basin ;  date  of  collectioD,  August  28,  1884 ;  temperature, 
93°  C.  ;  reaction,  alkaline;  specific  gravity,  1.00120.) 


Constitutnta. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

SiOa  

0.  2590 



18. 15 

2 

200 

SOs  

0. 0148 

1.01 

2 

100 

CO2  

0.3155 

22.11 

2 

200 

B2O3  

0.0290 

2.  03 

2 

£00 

A32O3  

0.  0003 

0.02 

2 

500 

CI  

0.  3045 

21.  34 

2 

100 

Br  

Trace 

2 

100 

HjS  

None 

1 

600 

0  (basic)  

0. 0807 

5.66 

Fe  

Trace 

2 

200 

Al  

0. 0036 

0.  25 

2 

200 

Ca  

0.  0039 

0.28 

2 

200 

Mg  

0. 0010 

0.  07 

2 

200 

K  

0.  0249 

1.74 

2 

100 

Na  

0. 3853 

27.00 

2 

100 

Li  

0.  0041 

0.29 

2 

100 

NH4  

0. 00023 

0.  02 

1 

50 

1. 42G83 

100. 00 

Albuminoid  ammonia  (not  in  summation)  0.00010  gram  per  kilo. 
Hypothetical  comhhiation. 


I 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent  of  to- 
tal material 
in  solution. 

ifH4cr  

0. 0007 

0.  05 

LiCl   

0.0249 

1.75 

KCl  

0.  0476 

3.  34 

KBr  

Trace 

NaCl  

0.  4293 

80.  09 

Na2S04  

0.  0263 

1.  84 

NazBAO?  . . 

0.  0418 

2.  93 

NaAs02  . ,  . 

0.  0004 

0.  03 

NaaCOs 

0. 4573 

32.05 

MgCOs 

0.  0035 

0.  25 

CaCOs  

0.  0097 

0.68 

AI2OS  

0. 0068 

0.  47 

SiOa  

0. 2590 

18. 15 

CO2  

0. 1195 

8.  37 

1.4268 

100.  00 

(67) 
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TURBAN  AND  GRAND  GEYSERS. 

(Locality,  Upper  Geyser  Basin;  date  of  collection,  September  1,  1884;  temperature, 
91°  C. ;  reaction,  alkaline;  specific  gravity,  1,00108.) 

Tlie  vents  of  these  geysers  connect  witli  one  another. 


Constituents. 

of  wfttcr. 

Per  cent,  of  to- 
tal material 
in  solution. 

JJe  termina- 
tions. 

Grams  of  water 
employed,  in 
each  determi- 
nation. 

Si02  

0. 3035 

21.  83 

2 

200 

SOj  

0.  0218 

1.  57 

2 

100 

CO2  

0. 1950 

14.  02 

2 

200 

B2O3  

0.  0243 

1.75 

2 

500 

AS2O3  

0.  0011 

0.  07 

2 

500 

CI  

0.  3767 

27.  09 

2 

100 

Br  

Trace 

2 

100 

H2S  

Trace 

1 

600 

0  (basic)  

0.  0596 

4. 28 

re  

Trace 

2 

200 

Al  

0. 0032 

0.  25 

2 

200 

0. 0028 

0.  20 

2 

200 

Mg  

None 

2 

200 

K  

0. 0167 

1.  20 

2 

100 

0.  3818 

27.46 

2 

100 

Li  

0. 0030 

0.  25 

2 

100 

NH4  

0. 00042 

0.  03 

1 

50 

1. 39052 

100.  00 

Albuminoid  ammonia  (not  in  summation)  0.00020  gram  per  kilo. 


Hypothetical  combination. 


Constituents. 

Grams  per  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

NH4CI  

0.  0012 

0.  08 

LiCl  

0. 0218 

1.  57 

KCl  

0.  0319 

2.  29 

KBr  

Trace 

NaCl  

0.  5643 

40.  59 

Na2S04  

0. 0387 

2.  79 

Na2B407   

0. 0350 

2.  52 

0.  0014 

0. 10 

NajCOs  

0. 3209 

23. 08 

MgCOs  

None 

CaCOs  

0.  0070 

0.50 

AI2O3  

0. 0061 

0.43 

SiOj  

0.  3035 

21.  83 

CO2...  

0.  0587 

4.  22 

H2S  

Trace 

1. 3905 

100.  00 

(68) 
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ARTEMISIA  GEYSER. 

(Locality,  Upper  Geyser  Basin ;  date  of  collection,  September  1,  1884;  temperature, 
89°  C. ;  reaction,  alkaline;  specific  gravity,  1.00121.) 


Constituents. 

of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

SiOz  

0.  2737 

18.  39 

2 

200 

0.  0127 

0.  85 

2 

100 

COj  

0. 3607 

24.  24 

2 

200 

B^Os  

0.  0177 

1.19 

2 

500 

A82O3  

0.  0014 

0.  09 

2 

500 

0. 299G 

20. 13 

^ 

100 

Trace 

2 

100 

600 

O(basic)  

0. 0903 

6.  06 

Trace 

2 

Al  

0.  0079 

0.  59 

2 

2C0 

Ca  

0.  0014 

0.  09 

2 

200 

Mg  

None 

2 

200 

K  

0.  0163 

1.  09 

2 

100 

Na  

0.  3988 

26.  80 

2 

100 

Li  

0.  0070 

0.  47 

2 

100 

NH4  

0. 00021 

0.01 

1 

50 

1. 48771 

100. 00  ■ 

Albuminoid  ammonia,  trace. 


hypothetical  combination. 


Constituents. 

Grams  per  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

NH4CI  

0.  0006 

0.  04 

LiCl  

0.  0425 

2.  86 

KCl  

0. 0311 

2.  09 

KBr  

Trace 

NaCl  ........ 

0.4101 

27. 56 

U"a2S04  

0. 0226 

1.  52 

NajB^O? 

0.  0202 

1.  36 

I^aA802   . , 

0. 0018 

0. 12 

NaaCOs  , 

0. 5245 

35.26  • 

MgCOs  

None 

none. 

CaCOs  

0. 0035 

0.23 

AhOs'  

0.  0150 

1.  01 

SiOa  

0. 2737 

18.40 

COa  

0. 1421 

9.  55 

1. 4877 

100.  00 
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TAURUS  GEYSER. 

(Locality,  Shoshone  Basiu ;  date  of  collection,  July  20,  1887 ;  temperature,  92°  C. ; 
reaction,  alkaline;  specific  gravity,  1.00105.) 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

Si02  

0. 2926 

22.  69 

2 

500 

0. 0385 

2.  98 

2 

200 

CO2  

0. 3210 

24.89 

2 

200 

0. 0149 

1. 16 

2 

1,  000 

0.  0007 

0.  05 

2 

1,  000 

0. 1935 

15.  00 

2 

200 

None 

2 

100 

H2S  

None 

0  (basic)  

0.0781 

6.  05 

2 

500 

Al....  

0. 0040 

0.31 

2 

500 

Ca  

Trace 

2 

500 

Mg  

0. 0009 

0.07 

2 

500 

K  

0.0235 

1.82 

2 

200 

Na  

0.  3202 

24.  83 

2 

200 

Li  

0. 0009 

0.07 

2 

200 

NH4  

0.0010 

0.08 

2 

50 

1.  2898 

100.  CO 

Albuminoid  ammonia,  0.0002  grams  per  kilo. 

Hypothetical  comhination. 


Constituents. 


Grams  per  kilo 
of  water. 


Per  cent,  of  to- 
tal material 
in  solution. 


NH4CI.. 
LiCl .... 
KCl  .... 
NaCl  ... 
Na2S04  . 
MgS04.. 
Na2B407 
NaAs02. 
NajSiOj. 
Si02  .... 

CO2  

AI2O3... 
re^Os  -  - . 


0. 0030 
0.  0055 
0.  0449 
0. 2729 
0. 0630 
0.0045 
0. 0215 
0. 0009 
0.  4971 
0.  0480 
0.  3210 

0.  0075 
Trace 

1.  2898 


.24 
.43 

3.  48 
21. 15 

4.  88 
.35 

1.  67 
.07 
38.  54 
3.72 
24.  89 
.58 
Trace 

100.  00 


(70) 
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ASTA  SPRING. 


(Locality,  Hillside  Springs ;  date  of  collection,  September  Ifj,  1884 ;  temperature,  84°C.; 

reaction,  alkaline.) 


Constituents. 

Grftnis  por  Icilo 
of  water 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina 
tion.s. 

Grams  of  water 
ciQployGcl  in 
each  determi- 
nation. 

Si02  

0. 1650 

24.  40 



200 

SO3  

0. 0324 

4.  79 

1 

200 

CO2  

0. 1800 

26.61 

1 

200 

B2O3  

Trace 

100 

AS2O3  

CI  

0. 0947 

14.00 

200 

Br  

None 

100 

H,S  

Xone 

0  (basic)  

0. 0392 

5.  79 

Fe> 
A  3 

0. 0059 

0.  87 

200 

0.0118 

1.75 

200 

Mg  

0.0010 

0. 15 

200 

K  

0.  0116 

1.72 

2C0 

Na  

0. 1340 

19.  80 

200 

Li  

0.  0008 

0. 12 

200 

0. 6764 

100  00 

Hypothetical  combination. 


Constituents. 


Grams  per  kilo 
of  water. 


Per  cent,  of  to- 
tal material 
in  solution. 


LiCl  

■  0.0048 

0.  71 

KCl  

0.  0221 

3.  27 

NaCl  

0. 1320 

19.  51 

Na2S04  

0. 0575 

8.  50 

Na2B407   

Trace 

NaAs02  

Na2C03  

0. 14G3 

21.63 

MgCOa  

0.  0035 

0.  52 

CaCOs  

0. 0295 

4.  36 

AI2O3  

0. 0112 

1.  65 

Si02  

0. 1650 

24.  40 

CO3  

0.  1045 

15.  45 

0. 6764 

100.  00 

(70) 
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BENCH  SPRING. 

(Locality,  Upper  Geyser  Basin ;  date  of  collectiou,  September  2,  1884;  temperature, 
88*^  C. ;  reaction,  slightly  acid,) 


Grftma  pftr  kiIo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

0.  2400 

50.  88 

40 

0. 1151 

24.  40 

J  00 

None 

Trace 
None 

100 

0. 0350 

7. 42 

0. 0145 

3.  07 

40 

Trace 

40 

Trace 

40 

0.  0097 

2.  06 

100 

0.  0574 

12. 17 

100 

Trace 

100 

0.  4717 

100. 00 

Constituents. 


SiOa  ..... 

SO3  

COa  

B2O3  

CI  

H2S  

O  (basic). 

Fe  I 
All 

Ca  

Mg  

K  

Na  

Li  


Hiipoihetical  combination. 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

KaSOa  

0. 0216 
0. 1772 
Trace 
Trace 
0.  0066 
0.  0263 
0.  2400 
Trace 

4.58 
37.  57 

■N'a2S04  

MgS04  , 

CaS04  

Al2(S04)3  .... 
AI2O3   

1.  40 
5.  57 
50.  88 

SiOz  

HCl  

COa  

0.  4717 

100.  00 
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FIREHOLE  RIVER. 


(Locality,  above  Upper  Geyser  Basin  ;  date  of  collection,  August  27,  1884  ;  tempera- 
ture, 12°  C. ;  reaction,  sliglitly  alkaline;  specific  gravity,  1.00015.) 

The  water  Avas  filtered  before  bottlinsr. 


Constituents. 


Si02  ... 
SOj.... 
CO2.... 

A32O3.. 

CI  

H2S.... 

O(basic) 

re  

Al  

Ca  

Mg  

K  

Na  , 

Li  

NH4..., 


Grama  per  kilo 
of  water. 


0. 0407 

30.  86 

0.  0062 

4. 70 

0.  0305 

23.11 

Trace 

None 

0.  0105 

7. 96 

None 

0.  0103 

7.81 

Trace 

0. 0029 

2.  20 

0.  0052 

3.  94 

0.  0011 

0.  83 

0.  0094 

7. 13 

0.  0151 

11.  45 

Trace 

0. 00002 

0.01 

0. 13192 

100.  00 

Per  cent,  of  to- 
tal material 
in  solution. 


Determina- 
tions. 


Grams  of  water 
employed  in 
each  determi- 
nation. 


200 
100 
200 
500 
500 
100 


200 
200 
100 
100 
100 
50 


Albuminoid  ammonia  (not  in  summation),  0.00010  grams  per  kilo. 


Hypothetical  comUnation, 


Constituents. 

Grams  per  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

Nmci  

Trace 

Trace 

LiCl  

■  Trace 

Trace 

KCl  

0.  0181 

13.  72 

NaCl  

0.  0030 

2.27 

^32804   

0.0110 

8.  34 

Na2B407   

Trace 

Trace 

Na2C03  

0.  0210 

15. 92 

MgCOs  . 

0.  0038 

2.  88 

CaCOs  

0.  0130 

9.  86 

AI2O3  

0.  0055 

4. 17 

TesOs  

Trace 

Si02  

0.  0407 

30.  86 

CO2  

0.  0158 

11.  98 

0. 1319 

100. 00 
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YELLOWSTONE  LAKE. 

(Locality,  near  outlet;  date  of  collection,  September  18,  1834;  specific  gravity, 

1.00014.) 

The  water  was  filtered  through  linen. 


Constituents. 

GrRms  p6r  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

GrrcUDS  of  "WflitGr 

|Jlv/_y  Cvl   ,  III 

each  determi- 

JUctLLUU. 

0.  0420 

24.  32 

2 

200 

SOj  

0.  0070 

4.  04 

2 

100 

CO2  

0. 0725 

42.  00 

2 

200 

B2O3  

None 

2 

500 

2 
2 

500 

CI  

0.  0094 

5. 43 

100 

TT  <! 

0.  0100 

5. 78 

Fe  

None 

2 

200 

Al  

0.  0021 

L21 

2 

200 

Ca  

0.  0086 

4.97 

2 

200 

Mg  

0.  0003 

0. 16 

2 

200 

K  

0.  0047 

2.  71 

2 

100 

Na  

0. 0156 

9.36 

2 

100 

Li  

Trace 

100 

NH4  

0. 00042 

0.  02 

1 

50 

0. 17262 

100.  00 

Albuminoid  ammonia  (not  in  summation),  0.00022  grams  per  kilo. 


Hypothetical  combination. 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

NH4CI  

0.  0012 

0.  69 

Li  CI  

Trace 

KCl  

0. 0090 

5.  21 

NaCl  

0. 0071 

4. 11 

NajSOi  

0. 0124 

7. 18 

NaaCOa  

0. 0202 

11.73 

MgCOs  

0. 0010 

0.  58 

CaCOs  

0. 0215 

12.  45 

AI2O3  

0.  0040 

2.  32 

SiOa  

0.  0420 

24.33 

CO2  

0. 0542 

31.40 

0. 1726 

100. 00 
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ALUM  CREEK. 

(Locality,  at  the  crossing  of  the  road ;  date  of  collection,  September  19,  1884 ;  reac- 
tion, acid;  specific  gravity,  1.00105.) 

The  water  was  filtered  through  linen  before  bottling. 


Constituents. 
• 



Grams  per  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

Si02  

0.  2180 

17.83 

2 

200 

SOs  

0. 4202 

34.  38 

2 

200 

CO2  

0. 0075 

0.  61 

2 

200 

B2O3  

0.  0057 

0.  47 

2 

500 

AsaOs  

None 

2 

500 

CI  

0. 2028 

16.  59 

2 

200 

Br  

Trace 

1 

100 

H2S  

None 

0  (basic)  

0.  0840 

6.  87 



Fe  

0.  0250  a 

2.  04 

2 

200 

0. 0025 

0.  20 

2 

200 

Ca  

0.  0127 

1.  04 

2 

200 

Mg  

0. 0038 

0.  31 

2 

200 

K  

0.  0741 

6.  06 

2 

200 

Na  

0. 1595 

13.05 

2 

200 

Li  

0. 0009 

0.08 

2 

200 

NH4  

0. 00106 

0.  09 

1 

50 

H(in  HCl)..- 

0.  0C46 

0.  38 

1. 22236 

100.  00 

Albuminoid  ammonia  (not  in  summation),  0.00010  gram  per  kilo. 

a  All  in  ferric  condition. 


Hypothetical  comhination. 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

NS4CI  

0.  0031 

0.  26 

LiCl  

0.  0055 

0. 45 

KCl  

0. 0669 

5.  47 

KBr  

Trace 

K2SO4  

0. 0872 

7.13 

Na2S04 

0.  4924 

40.29 

MgS04  

0. 0190 

1.  55 

CaS04   

0.  0432 

3.53 

Al2(S04)3  .... 

0.0158 

1.29 

FeASOih.... 

0.  0893 

7.31 

Si02  

0.  2180 

17.  83 

B2O3  

0.  0057 

0.47 

CO2  

0.  0075 

0.61 

HCl  

0. 1688 

13.  81 

1.  2224 

100.  00 

(75) 
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CHROME  SPRING. 

(Locality,  Crater  Hill;  date  of  collection,  September  19,  1884  ;  temperature,  92°  C.  ; 
reaction,  neutral;  specific  gravity,  1.00231.) 

The  water  was  filtered  from  suspended  matter  before  analyzing  and  tlie  latter  was 
examined  by  itself. 


Constitueuts. 


Si02  

SOa  

COa  

BjOj  

AS2O3.... 

CI  

Br  

H2S  

O  (basic). 

re  

Al  

Ca  

Mg  

K  



Li  

NH4  


Grams  per  kilo 
of  water. 


0.  3750 
0. 3618 
0. 0147 
0,  0842 
0.  0072 
1. 0207 

None  a 
0. 0801 

0. 0043 

0. 0140 
0. 0020 
0. 1603 
0. 7320 
0. 0064 
0. 0106 

2. 8733 


Per  cent,  of  to- 
tal material 
in  solution. 


13.  04 
12.  59 
0.  51 
2.  93 
e.  25 
35.  52 


2.  78 

0.14 

0. 48 
0. 06 
5.  66 
25. 47 
0. 21 
0.36 

100.  00 


Determina- 
tions. 


Grama  of  water 
employed  in 
each  determi- 
nation. 


200 
100 
200 
250 
250 
200 


200 

200 
200 
100 
100 
100 
40 


a  As  received  in  the  laboratory. 
Albuminoid  ammonia  (not  in  summation),  0.00107  grams  per  kilo. 

f  Si02  0.4791  gram. 

Material  in   S...^..;...  0-0767  gram. 

3„~er]  O^gram. 

I  0.6051  gram. 
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Hypothetical  combination. 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

NH4CI  

0. 0315 

1.10 

LiCl  

0. 0388 

1.  35 

KCl   ... 

0.  3062 

10.66 

KBr  

NaCl  

1.  3536 

47.11 

Na2S04  

0.  5804 

21.  46 

MgS04  

0. 0100 

0.  34 

CaS04  

0.  0476 

0. 45 

Na2B407   

0. 0516 

1.74 

AI2O3  

0.  0082 

0.  29 

SiOa  

0.  3750 

13.05 

B2O3  

0.  0485 

1.  69 

AS2O3  

0.  0072 

0.  25 

CO2  

0.  0147 

0.  51 

2.  8733 

100.  00 

A  preliminary  sample  of  600  cm^.,  taken  September  18, 1883,  yielded,  when  filtered 
from  suspended  material,  the  following  figures  signifying  grams  of  material  per  kilo- 
gram of  water : 

SiOj,  0.2380  ;  SO3,  0.3516  ;  CI,  1.0442 ;  Fe  and  Al,  0.0080 ; 
Ca,  0.0185 ;  Mg,  0.0024 ;  K,  0.1438 ;  Na,  0.6269 ;  Li,  0.0041. 
The  reaction  was  acid. 

(77) 
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WATERS  OF  YELLOWSTONE  NATIONAL  PARK.        [bull. 47. 


MUSH  POT  SPRING. 

(Locality,  Pelican  Creek ;  date  of  collection,  October  1,  1886 ;  temperature,  85°  C. ; 
reaction,  acid;  specific  gravity,  1.00088,) 

The  water  was  filtered  from  suspended  material  before  tbe  analysis. 


Constituents. 


SiOz  

SOs  

COs  

B2O3  

AsiOs  

CI  

H2S  

O  (basic) . . 

Fe  

Al  

Ca  

Mg  

K  :. 

lN"a  

Li  

NH4  

H  (in  HGl) 


Grams  per  kilo 
of  water. 


0.  2270 
0.  5375 
0. 0045 
0.  0056 

None 
0. 0047 

Nonet 
0.  0929 
Trace 
0. 0045 
0.  0632 
0.  0214 
0.  0195 
0. 1175 

None 
0.  0100 
0. 0001 

1.1084 


Per  cent,  of  to- 
tal material 
in  solution. 


Determina- 
tions. 


Grams  of  water 
employed  in 
each  determi- 
nation. 


200 
200 
200 
500 
500 
100 


200 
200 
200 
200 
200 
200 
200 
50 


a  As  received  in  the  laboratory. 
Albuminoid  ammonia  (not  in  summation),  0.00060  gram  per  kilo. 
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Hypothetical  comhination. 


Constituents. 

Grams  per  kilo 
of  water. 

Percent,  of  to- 
tal material 
in  solution. 

(NIl4)2S04 

0.  0366 

3.  30 

Na2S04  

0. 3627 

32.  72 

K2SO4  

0. 0435 

3. 93 

MgS04. ...... 

0. 1070 

9. 66 

CaS04  

0.2149 

19.  39 

Al2(S04)3  

0.  0285 

2.  57 

re2(S04)3  .... 

Trace 

Si02  

0. 2270 

20.  48 

B2O3  

0.  0056 

0.  50 

SO3  

0. 0733 

6.  61 

CO2  

0. 0045 

0.  41 

nci  

0. 0048 

0.  43 

1. 1084 

100.  00 

The  water  carried  ia  suspension  0.5551  gram  of  insoluble  matter  per  kilogram  of 
water.  This  material  dried  at  104° ;  lost  7.33  per  cent,  of  its  weight  on  ignition. 
The  partial  analysis  of  3.4972  grams  of  the  ignited  material  resulted  as  follows: 


Per  cent. 

Si02  

61.  30 

SO3  

0.  63 

AI2O3  

24 

re203  

6.  53 

MnO  

Trace 

CaO  

1.  74 

MgO  

2.18 

K2O  

0.  57 

Na20  

0.84 

98.  03 
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pevil's  ink  pot. 

(Locality,  Mount  Washburn  ;  date  of  collection,  July,  8,  1886  ;  temperature,  92^  C.  j 
reaction,  acid;  specific  gravity,  1.0022L) 


Constituents. 

Grams  per  l^ilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

Determina- 
tions. 

Grams  of  water 
employed  in 
each  determi- 
nation. 

SiOa  

0. 0897 

2.65 

2 

200 

SOs  

1.  9330 

57.07 

2 

200 

COa  

0. 0647 

1. 91 

2 

200 

B2O3  

0. 0518 

1.  53 

2 

500 

AsaOs   

None 

2 

500 

CI  

0. 0058 

0. 17 

2 

200 

H2S  

0.  0051 

0. 15 

2 

*.20O 

0  (basic)  

0.  3795 

11.  20 

Fe  

Trace 

2 

200 

Al  

0.  0037 

0. 11 

2 

200 

Ca  

0.  0396 

1. 17 

2 

200 

Mg  

0.0121 

0.  36 

2 

200 

K  

0.0083 

0.  25 

2 

200 

Na  

0. 0245 

0.  72 

2 

200 

Li  

0. 0004 

0.01 

2 

200 

NH4  

0.  7687 

22.  69 

2 

100 

H  (in  HCl) . . . 

0. 0002 

0.  01 

3.  3871 

100. 00 

Rypotlietical  conibination. 


Constituents. 

Grams  per  kilo 
of  water. 

Per  cent,  of  to- 
tal material 
in  solution. 

(NH4)2S04-.. 

2. 8185 

83.  21 

Li2S04  

0. 0031 

0.11 

K'a2S04  

0. 0756 

2.23 

K2SO4  

0. 0185 

0.  54 

MgS04  

0. 0605 

1.  78 

CaS04  

0. 1346 

3.  97 

Ala(S04)3  .... 

0. 0234 

SiOa  

0.  0897 

2.  65 

B2O3  

0.  0518 

1.53 

SO3  

0.  0356 

1.  05 

CO2  

0.  0647 

1.91 

HCl  

0.  0060 

0. 18 

HjS  

0.  0051 

0. 15 

3.  3871 

JOO.  00 
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(Locality,  Soda  Butte;  date  of  collection,  September  17,  1885;  temperature,  18°  C; 
reaction,  alkaline  ;  specific  gravity,  1.  00138.) 

The  water  was  filtered  before  bottling. 


Constituents. 


8)02  .... 

SOs  

CO2  

B2O3.... 

AS2O3... 

CI  

Br...... 

H2S  

O  (basic) 

Fe  I 
Al  I  — 

Ca  

Mg  

K  

Na  

Li  

NH4.... 


Grams  per  kilo 
of  water. 


0. 0335 

0.  0614 

1.  2490  a 
0.  0150 
None 
0.  0315 
None 
0.0042& 
0. 1618 

0.  0069 

0.  2325 
0.  0632 
0. 0238 
0.  0575 
Trace 

0.  0057 

1.  9460 


Per  cent,  of  to- 
tal material 
in  solution. 


1.  72 
3. 15 
64. 18 

0.  77 

1.  62 

0.  22 
8.  32 

0.  36 

11.95 
3.  25 

1.  22 

2.  95 

0.  29 
100. 00 


Determina- 
tions. 


Grams  of  water 
employed  in 
each  determi- 
nation. 


200 
200 
200 
500 
500 
200 
100 
200 

200 

200 
200 
200 
200 
200 
50 


a  Cupric  sulphate  was  used  to  hold  back  H2S  in  the  determination  of  CO2. 
&  As  received  in  the  laboratory. 

Albuminoid  ammonia  (not  in  summation),  0. 00140  gram  per  kilo. 


Hypothetical  combination. 


Constituents. 


Grams  per  kilo 
of  water. 


Per  cent,  of  to- 
tal material 
in  solution. 


NH4CI . 
LiCl  .... 
KCl.... 
K2SO4  - 
Na2S04  . 
Na2B407 
NaaCOs 
MgCOa-. 
CaCOs  - 
AI2O3.-. 
Si02  .... 

COa  

H2S  


0.  0169 
Trace 
0. 0425 
0.  0034 
0. 1062 
0. 0216 
0.  0419 
0.  2212 
0.  5813 
0. 0131 
0.  0335 
0.  8602 
0. 0042 


0.  87 

2. 19 
0. 17 
5.  46 
1.11 
2. 15 
11.37 
29.  87 
0.  67 
1.72 
44.  20 
0.22 

100.  00 


Bull.  47  6 


(81) 


Summary  of  Analynes. 


[The  amonntR  of  anbstances  arc  stated  in  grama  per  kilojtram.  f 


Date  of 
collection. 

Tempera- 
ture. 

Reaction. 

Specific 
gravity. 

SiOt 

TiOi 

SOi 

1 

CO. 

NiOs 

P«0« 

AsjOj 

Ci 

l',r 



n 

HvS 

Al 

Mn 

Ba 

Sr 

Ca 

Mg 

Cs 

Rb 

* 

Li 

NH4 

InHCl  1 
H 

Total. 

Albuminoid 
ammonia. 

Degrees  C. 

Alkaline  

j 

i 

0. 4254 

0. 5071 

0.  3006 

 — 

Cleopatra  Sprins  

Oct  11,1883 
July  28, 1884 

I 

....do   

1. 00205 

0.0517 

0. 4395 

0.  6287 

0. 0226 

0. 0031 

0. 1749 

trace. 

trace. 

0. 1934 

0. U019 

0.  3076 

0. 0729 

0. 0511 

0. 1299 

0.0023 

0. 00063 

2. 08523 

0. 00020 

July  28, 1884 
Oct.  11,1883 

44 

0. 4573 

0.  3SG6 

0.2504 

0.  0797 

63 

 do  

0.  0502 

0.  4407 

0.  3378 

present. 

0. 1623 

trace. 

none. 

0.  0012 

0.  nciii 

II.  11016 

1. 7057 

Oct.  5.1884 
Sept.  17, 1885 
Aug.  18, 1884 
Sept.  27, 1883 

58 

....do  

1.  001.57 

0.  0500 

0.  4230 

0. 4270 

0.  0128 

0.  0004 

0. 1604 

none. 

none. 

0. 1082 

0.  0051 

0.  0631 

o.(iii;j 

(1.0011 

0.  00011 
0. 00570 
0. 00025 

18 

1.  001.38 

0.  0335 

0.  0614 

1.2400 

0.0150 

none. 

0.0315 

non^. 

0. 0042 

0. 1018 

0.0 

069 

0.  2:125 

0.  0632 

0.  o-j:i.s 

0.  0415 

1.74401 
1.9460 
1.63275 

trace. 

88 

Neutral  

1.00110 

0.  4180 

none. 

0.  0367 

0.  0046 

none. 

none. 

0. 0223 

0.  0022 

0.  6705 

0. 0026 

trace. 

0.0113 

0.  0006 

0. 0002 

none. 

0.  0092 

0.  0001 

trace. 

trace. 

0.  4046 
0. 3931 

0.0081 
0.  0042 
0.  0022 
0. 00:)0 

0.  00140 
0.  00001 

92 

..  do  

0. 3463 

0.6501 

0.  6470 

0.  0021 

0. 0098 

trace. 

0. 0443 

Pearl  Geyaer  

Aug.  JU,  looi 

Sept.  13, 1885 

92 

— 

1.00110 

0  4636 

0.  0228 

0.  0075 

none. 

0.  0038 

0.  6.520 

trace. 

trace. 

0.0031 

none. 

none. 

0.  0064 

0. 0009 

0. 0745 

0.  3190 
0.  3936 

0. 00021 
0. 00127 
0.  00042 

1.00115 

0.  4685 

n.  0!)23 

0.  0155 

0. 0317 

0. 0018 

0.  !>740 

trace. 

none.a 

0. 0185 

traee. 

0. 0048 

0. 0146 

0. 0018 

0.0008 

0. 0032 

1.  62207 
1.  91082 
1.  8545 

0.  83126 
1. 69283 

1.  39979 
1. 31,55 

0  0000 1 

Aug.20, 188» 

73 

...do  

1.  001.30 

0.  6070 

0.  0204 

0.  0425 

0.  0328 

0.  0007 

0.  7087 

none. 

0.  0053 

trace. 

0.  0029 

0.  0102 

0.  0022 

0. 0729 

0.  0020 

0.  00010 

Oct.  11,1886 
Ang.20, 1884 
Aug.20, 1884 

72 

Faintly  acid  .. 
Acid  

1.  00124 

0.  5805 

0. 0280 

0  nm 

0.  0368 

0. 0009 

0.  6701 

none. 

0.  0175 

trace. 

0. 0077 

 1  0.0071 

0.  0014 
none. 

0. 0815 
0.0395 
0.  0254 

0.  3925 
0. 1265 
0.  3654 
0.  3522 
0.  3351 

0. 0040 
trace. 
0.0029 

Kcbinus  Spring  

91 
91 

1.  00071 
1.  00130 

0. 2532 
0.  4577 

0. 1929 
0. 1012 

0  0250 
0. 0175 

0.  0173 

0. 0016 
none. 

0. 1207 

trace. 

trace. 

0.0386 

0.  0027 

0.0115 

0.  00030 
0.  00106 
0.  00633 
0. 00015 

0.  0007 
0.0019 

(1.  00060 

...do  

0.  0390 

0.  6391 

trace. 

trace. 

0. 0202 

0.  0081 

0.  0078 

0.  0003 

none. 
0.  00040 
0.  00038 

Fountain  Geyser  

Great  Fountain  Geyser  

Aug.  24,  1884 
...do   

82 
82-93 e 

Alkaline  

...do   

1.  00100 
1. 00104 

0. 3315 
0.3182 

none. 

0.0195 
0. 0187 

0. 2307 
0.  2107 

none. 

0.  00004 

0.  0138 
0.  0100 

0.  002 1 
0.  0017 

0.  3337 
0.  3508 

0. 0004 

none. 

none. 

trace., 
none. 

0. 0654 
0.  0472 

0. 0002 
trace. 

0.  0057 
0.  0021 

trace.b 

none. 

none. 

0. 0014 
0. 0017 

0.  0010 
0.  002.1 

none. 

0. 0379 
0.0145 

0. 0035 
0.  0025 

Sept  11, 1885 

43 

...do  

1.00107 

0.2477 

0.0196 

0.  2907 

0. 02.39 

0.0034 

0.  2487 

trace. 

none  a 

0.  0504 

none. 

0.  0036 

0.0064 

0.  0022 

0.0154 
0.  0385 

0.  2654 
0.  2930 
0.  4186 

0.  0U32 
0.0004 

0.  00021 

1. 18081 
1. 32590 
1.47251 

Madison  Spring   

....do   

60 

...do  

1.00100 

0. 1507 

0.0123 

0.  6140 

0.  0130 

trace. 

0.  0698 

none. 

none  a 

0. 1062 

none. 

none. 

0. 0255 

0.  0017 

0.  00020 

0. 00002 

Aug.  25, 1884 
Aug.  29, 1883 
Sept  1,1884 

92 

-.do  

1.00110 

0. 2214 

none. 

0.  0146 

0.  3825 

none. 

trace. 

0.0161 

0. 0026 

0.2793 

trace. 

none. 

none. 

trace. 

0. 0955 

0. 0018 

0. 0012 

trace. 

none.  |  none. 

0. 0022 

0.0022 

none. 

none. 

0.  0725 

0.0020 

0.  00080 
0. 00001 

Excelsior  Geyser  

92 

...do  

0.2727 

0.  0107 

present. 
0. 0148 

0. 2765 

0.0 

1)09 

0. 0055 

Old  Faithrul  Geyser  

84-88 d 

...do  

1.  00096 

0.3828 

none. 

0. 0152 

0.  0894 

none. 

none. 

0. 0021 

0.4391 

0. 0034 

none. 

none. 

0. 0002 

0.  0419 

trace. 

0.  0009 

trace. c 

none. 

none. 

0.0015 

0.  0006 

trace. 

trace. 

0.  0267 

0.  3666 

present. 
0.  0056 
0.  0023 

0.  00001 
0.  00008 

1. 39081 
1. 63398 

0.  00002 
0.  00002 

Splendid  Geyser  

Sept  10, 1885 

93 

...  do  

1.  00132 

0.2964 

nona 

0.0158 

0.  4225 

none. 

0.  00012 

0.  0234 

0. 0019 

0.  3227 

none. 

none. 

none. 

none  a 

0.  0H97 

0.  00008 

0. 0027 

none. 

none. 

none. 

0.  0030 

0. 0005 

none. 

none. 

0.  0121 

0.  4407 

Aug.  28, 1884 
Ang.  29, 1884 
Aug.  28,  1883 
Sept  1,1884 

93 

...do   

....do  

— do  

1.  00127 
1. 00100 

0.  3000 
0. 3917 
0.3843 

0.  0158 
0.0167 
0.  0144 ' 
0.0271 

0.4042 
0.  1055 

0.  0240 
0.  0233 

0. 0010 

0.3181 

none. 

none. 

0. 0366 

trace. 

0.  0034 

0.  0034 

0. 0607 

0.  0015 
0.  0012 
0.  0002 
0.  0U02 

0. 0152 
0.  0410 
/ 

0.  4179 
0. 3451 

0.  0037 
0.  00,57 
0.  0043 
0. 0061 
0.  0041 
0.  0036 
0.  0070 
0.  0009 
0.  0008 
trace. 
0. 0064 

0. 00042 

1.  59522 
1.4183 

0. 00020 

93 

0. 0006 

0. 4408 

trace. 

trace. 

O.OIII 

trace. 

0.  0049 

93 

0. 4384 

0.0 

)30 

0. 0058 

93 

..do  

1. 00095 

0.3042 

0.  0920 
0.3155 
0. 1930 
0.3607 
0.  3210 
0. 1800 

0.  0145 

0. 0011 

0.  3894 

trace. 

none. 

0. 0364 

trace. 

0. 0029 

0.  0039 

0.0213 
0.  0249 
0.  0167 
0. 0163 
0.  0235 
0.0116 
0.  0097 
0. 1603 

/ 

0.  3118 
0.  3833 
0.  3818 
0.  39tj8 
0.  3202 
0. 1340 
0.  0574 
0.  7320 

0. 000:1 

0. 00023 
0.  00042 
0.  00021 
0. 0010 

1.21111 
1. 42683 

none. 

Aug.  28, 1884 

93 

...do   

1.00120 
1.  00108 
1.  00121 

0.2590 
0.  3035 
0. 2737 

0. 0148 
0. 0218 
0.  0127 
0.0385 
0.  0.324 
0. 1151 
0.  3618 

0  0290 

0.0003 

0, 3015 

trace. 

none. 

0. 0807 

trace. 

0.  0036 

0. 0039 

0.  0010 
none. 

0.00010 
0. 00020 
trace. 

Sept  1,1887 
...do  

91 

89 

.-..do   

0.  0243 

0. 0011 

0.3707 

trace. 

trace, 
none. 

0. 0596 

trace. 

0.  0032 

0.  0028 

1. 39052 
1. 48771 
1. 2898 
0.6764 
0. 4717 
2.8733 

Artemisia  Spring   . 

-.do  

0.0177 

0.  0014 

0.  2996 

trace. 

0.0903 

0.  0079 

0.0014 

July  20, 1884 
Sept.  16, 1884 
Sept  2,1884 
Sept.  19, 1884 

92 

...do  

1.00105 

0. 2926 
0. 1650 
0.  2400 

0.  0149 
trace, 
none. 

0. 0007 

0. 1935 

none, 
none. 

none. 

0. 0781 

trace. 

0.  0040 

trace. 
0. 0118 

0. 0009 

0.0010 
trace. 

0. 0002 

84 

undet. 

0. 0947 

none. 

0.  0392 

0. 00.59 

88 

Slightly  acid 

none. 

0.  0350 

0. 0145 

trace. 

Chrome  Spring  

92 

Neutral  

1. 00231 

0. 3750 

0.  0147 

0. 0842 

0. 0072 

1.0207 

0. 0801 

0. 0043 

0.0140 

0. 0020 

0.  0106 

0.  00107 

Sept  18, 1883 

92 

0.  2380 
0.  2180 
0.  2270 
0.0897 
0.  0965 
0.  0407 
0.0469 
0.  0272 

0.  osbs 

0.  0184 
0. 0420 

0.  3516 
0. 4202 
0.  .5:175 

1.  0442 

0.0 

)80 

0.  0185 
0. 0127 
0.  flB:j2 
0. 0396 
0.  0066 

0.  0024 
0.  0038 
0.  0214 
0.  0121 

0. 1438 
0.  0741 
0.0195 
0. 0083 
0.  0170 
0.  0094 
0.  0079 
0.  0105 
0.  0031 
0.  0027 
0.  0047 

0. 6269 
0. 1595 
0. 1175 
0.  0245 
0. 0930 
0.0151 
0.0200 
0.0311 
0.  0143 
0.  0039 
0.  0156 

0. 0041 
0.  0009 
none. 
0.  0004 
0.0011 
trace, 
trace, 
trace, 
none. 

Alum  Creek  

Sept.  19,  1884 
Oct    1, 1880 

...do  

1.  00105 
1. 00088 
1.  00221 
1.  00031 

0.  0075 
0.  0045 
0. 0647 
0. 1040 
0.  0305 
0.  0710 
0. 1725 
0. 1230 
0.6735 
0. 0725 

0. 0057 

none. 

0.  2028 

trace. 

none. 

0.0840 

0.0250 

0. 0025 

0. 00106 
0.  0100 
0.  7687 

0.  0046 
0. 0001 
0.  0002. 

1.22236 
1.1084 
3. 3871 

0. 00010 

0.  0006P 

Mush  Pot  Spring  

85 

...do   

0.0056 
0. 051f) 
0. 0060 

none. 

0.0047 
0.  0058 

none.a 

0.0929 

trace. 

0. 0045 

Devil's  Ink  Pot  

July  8,1880 
Aug.  24  1884 

92 

.--.do   

1.  9330 
0.  0084 
0.  0002 
0.011" 
0.  0802 
0. 0310 
0.  0390 
0.0070 

none. 

0. 0051 
none. 

0. 3795 

trace. 

0.  0037 

0. 02C5 

trace. 

0. 0031 

Firehole  River  above  Upper  Basin . 

Aug.  27, 1884 

12 

Slightly  alk... 

1.  00015 

trace. 

none. 

0. 0105 

none. 

0.  0103 

trace. 

0.  0029 

0. 0052 

0.  0011 

0. 00002 

0. 13192 

0.  00015 

Gardiner  River  above  Ilot  River  .. 

Oct  12,1883 

8 

0.  0049 

0.  0216 

0.( 

042 

0.  0250 

0.  0005 

0. 2137 

Gardiner  River  below  Hot  River  . . 

Sept  26, 1884 
July  28, 1884 
  188- 

13 

0. 0301 
0.  0022 
0.  0044 

0.  0487 

0. 0010 

:::::::: 

0. 0749 
0.0316 
0.  0808 
0.  0086 

0.  0175 
0.  0089 
0.  0106 
0.  0003 

0.  4937 

Water  Supply  at  Mam.  Hot  Springs 

  1 

trace. 

0.  0248 

O.C 

Oil 

0.000022 
0.  0005 
0.  00042 

0.  27.57 

.  000028 

6 

1.  00041 
1.00014  ! 

none, 
none. 

none, 
none. 

0. 0432 

0. 0053 

0.  0004 

none. 

0.8827 

traie. 

Yellowstone  Lake  

Sept  18, 1884 

1 

0. 0094 

none. 

0.0100 

0.  0021 



0. 17262 

0. 00022 

1 





o  As  received  in  labip-atory.  60.000003.  ctTsual  temperature  between  eruptions.  d  Temperature  in  pools  about  crater  after  eriy)tion.  c  0.  uoooo.i.  {-  Total  Na  and  K  as  chlorides,  0.  9.55a.  </ As  received  in  tlie  laborator\  :  sulphur  in  suspension.  0.0757.  *aoOlui:i8 
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